A TECHNICAL JOURNAL FOR 
DESIGNERS ‘AND USERS OF 
ELECTRICAL, ELECTRONIC, 
HYDRAULIC, MECHANICAL AND 
PNEUMATIC CONTROL  SYS- 
TEMS AND INSTRUMENTATION 


VOL 2 NO 17 NOVEMBER 1959 


MANAGING DIRECTOR A. H. David Rowse, M.A. 


EDITORIAL DIRECTOR Caldwell Davidson, 
M.SC.CENG,), D.1.C. 


EDITORIAL 


EDITOR Arthur Conway, B.SC.(ENG.), 
A.C.G.1., A.M.1.ME_H.E. 


DEPUTY EDITOR Lionel A. Stockman 
TECHNICAL EDITOR David E. Rayner, 
GRAD.R.AC.S. 


EDITORIAL ASSISTANT A. K. O. Pearce 


CONSULTANTS 
SYSTEMS John H. Westcott, B.SC.CENG.), 
PH.D., A.M.1.E.E. 


INSTRU MENTATION Denis Taylor, PH.D., 
M.1.E.E., F.INST.P. 

COMPUTERS 

& DATA PROCESSING Maurice V. Wilkes, F.R.S. 


ENGINEER'NG Reginald Medlock, B.S¢., 
& APPLICATIONS A.M.1,.MECH.E., A.M.1.E.E, 


PRODUCTION 


MANAGER Gerald Vane, B.A. 


ASSISTANT Gerald Withers 


CIRCULATION 
MANAGER J. W. Rotheroe, B.SC.(EON.) 


ASSISTANT E. A, Hutcheson 


ADVERTISEMENT 
DIRECTOR Harry T. Kane 
MIDLANDS Arthur Lawless 
CLASSIFIED John Deamer 


MANCHESTER OFFICE 
Barry Gibbs 
18 Grangeway, Handforth, Cheshire 
tel: Wilmsiow 2600 


U.S. OFFICE 
Walter J. Masterson, Jr 
Box 206, Essex, Conn. tel: South 7-1838 


CONTROL is published by Rowse Muir 
Publications Lid., 3 Percy Street, London, W.1, 
England, and printed by The Haycock Press 
Lid., S.E.5. The entire contents are protected by 
copyright in Great Britain and by the Universal 
Copyright Convention but matter may be re- 
produced provided that due acknowledgment is 
made to CONTROL. Subscriptions to publishers 
Rowse Muir Publications Ltd. Single copies 
U.K. 3/6, 5/6 overseas, 75c U.S. and Canada. 
Per annum £2.2.0 U.K., £3.3.0 overseas, $8.0 
U.S. and Canada plus 50c postage. 


RM 


CONTROL 


SYSTEMS « INSTRUMENTATION * DATA PROCESSING * ENGINEERING * APPLICATIONS 


SPECIAL FEATURES 
Quo Vadis ? 
Recent political appointments may have a weighty influence on the 
progress of science and technology. Possibilities are mordanily dis- 
cussed by a well-known engineering consultant specially interested 
in control 
Instrumentation and Control in the Brewing Industry—2 


B. C. KILKENNY of Ind Coope concludes his article on the brewing 
process and its problems 


The Helicopter Turbine a Power Servo—1 
Automatic control of helicopters, using the engine as a power servo, 
is advocated by A. W. MORLEY, formerly of D. Napier 
Simulators for Seaworthiness 
Items of control interest distinguish the new Ship Hydrodynamics 
Laboratory at Feltham 
Stores for Fast Digital Computers 
‘Memories’ present and future are concisely reviewed by 
W. RENWICK of Plessey 
Cern’s Synchro-Cyclotron 
Two Cern engineers, F. J. WOODCOCK and GUY BOY ADJIAN, 
give an outline of how this powerful research tool is controlled 
Nuclear Radiation and X-rays—A 


T. P. FLANAGAN of S.1.R.A. writes the ninth in our Electrical 
Transducers Series, and shows how many applications there are for 
radiation in modern control systems 


Continental Machine Tool Control 
Manchester University’s Reader in Machine Tools and Production 


Process, F. KOENIGSBERGER, describes some of the European 
exhibits at the recent Paris show 


REGULAR FEATURES 


Control Survey—13: Hydraulic Oils by J. C. Wells 

Data Sheet—14: Graphical Techniques for Control Systems—3 by N. G. Meadows 
Industry’s Viewpoint: Specialization Pays Handsomely by Denis Taylor 
Publisher's Column 79 News Round-up 

Letters to Control 81 Looking Ahead 

Leader 85 People in Control 

Ideas Applied 119 New for Control 

Pick-off 122 Industrial Publications 

Control in Action 123 Advertisers in this Issue 


LOOKING FOR A JOB?  cONTROL carries the best jobs going in instrument and 
control engineering. SEE PAGE 182 AND ONWARDS 


© 1959 


ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, W.1., ENGLAND tel: Museum 8252 











Magnetic 
Storage 


Drums 





by 


PEARY 


for data processing systems 


SPERRY GYROSCOPE ‘COMPANY LIMITED (INDUSTRIAL DIVISION) 






Great West Road, Brentford, Middlesex. Telephone: ISLeworth 1241. Telex: 23800 





Tick No 3 on reply card for further details CONTROL November 1959 







Tick No 79 on reply card for further details 


WESTON 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
ditions. Enquiries should, if possible, be 
accompanied by full particulars of both 
control and local circuits. 

























Illustrated is the Model $170. Other types include the 
Model S124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 









SANGAMO WESTON LIMITED 
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"PUBLISHERS COLUMN COLUMN 


WHAT YOU READ AND WHY 


Newton was notoriously a shy genius. * If 
I have seen further than most men,’ he 
said, ‘it is by standing on the shoulders 
of giants.” These words are quoted at the 
opening of a modest-looking pamphlet 
just brought out by the D.S.I.R. Written 
by Nigel Calder, the pamphlet is based on 
a survey made in 1956. Over a thousand 
technologists, chosen from 127 establish- 
ments in the electrical and electronic in- 
dustries, were asked about their reading 
of the technical press. 


Apparently most technologists see re- 
gularly only about five periodicals. Less 
than half use their employers’ libraries, 
and one in six won’t use a library at all. 
Those who read do so more for news and 
stimulation than for their work’s sake. 
But, the report says quite plainly, one of 
the marks of the active and well-trained 
man is his good use of technical litera- 
ture. He seems to find his best source of 
ideas in written material, and—most im- 
portant of all—finds the usefullest articles 
during his own reading. 


Obviously no one engineer can take 
very many professional journals for pri- 
vate reading, and the list of favourites 
given in this interesting little pamphlet 
is limited to about half a dozen titles. 
CONTROL is not one of them because the 
paper did not exist in 1956. Still, accord- 
ing to the D.S.I.R. pamphlet, the most 
popular technological journal would be 
one that (among other things), dealt with 
electrical, control or production engineer- 
ing, appeared at least once a month, had 
forty to a hundred pages of text and a 
large number of advertisements, and con- 
tained review articles, abstracts, book re- 
views, notes on new equipment, news of 
appointments, meetings, etc., and job 
advertisements. 


We think that CONTROL qualifies. 





PILOT POLICY 

is to give the best 
Service possible. These 
are not empty words. 


Try us and see. 
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LETTERS TO CONTROL Sir! 


The Editor welcomes correspondence for publication. 


The highest form of engineering 


SIR: I was glad to see that you had published my letter 
in your October issue. I note the points you made in 
your reply, but:— 

Drawing is the only language in which an engineering 
product can be defined, so a grasp of it is necessary to 
any engineer, conventions and all. 

Quite apart from this however, design, the ability 
to create, in drawings, so that manufacture can proceed 
without hesitation or doubt, those qualities on which suc- 
cess of the product depends, is more than fundamental. 
It is engineering itself in its highest form. I think it was 
James Watt who said this: and it is still as true as ever. 
London, N.W.2 HUGH CLAUSEN 








Doubling twice for safety 


SIR: I would appreciate the opportunity of reply- 
ing to the comments expressed by Professor G. A. 
Whitfield, who kindly appraised the value of such an 
experiment as that described by me in September's 
issue Of CONTROL.* 

Whilst agreeing with most of the comments by 
Professor Whitfield with regard to the limitations of 
a duplicated electrical system, it was not intended 
that the article should suggest the trend in the design 
of electrically-operated control systems, but only to 
describe the experimental application to a particular 
aircraft where the electrical system was designed 
with the knowledge that manual control of the fly- 
ing surfaces was always possible. 

It has always been recognized that a duplicated 
system, without manual reversion, would not give 
the required standard of reliability and therefore 
in several design studies which we have made on 
this type of installation it was the policy to cater 
for several failures, the choice usually being for a 
quadruplicated system, with separate routing and 
protection of each channel or pair of channels. 

I do agree that careful attention would have to 
be given in the design and testing of the electrical 
components but equally important would be the 
method of installing such a system in an aircraft 
to give the best environmental conditions for both 
wiring and equipment. 

Boulton Paul Aircraft Ltd. H. H. DIXON 
* ‘Electric Link for Flying Controls,’ page 87. 


Claim to originality 


SIR: We have been interested by the article by 
D. G. Anderson in Issue No. 14 of your Journal, 
and find that while it gives a reasonable account of 
the development of Polarography since its original 
application by J. Heyrovsky, it is remarkably in- 
complete, perhaps owing to lack of space, in its 
reference to some original instruments made in this 
country. 

The first Polarographs produced in this country 
were manufactured by this Company early in 1939. 
One of the first batch of these instruments was 
recently exhibited to the Second International Con- 
gress of Polarography and no one claimed any earlier 
Polarograph made in this country. These were sup- 
plied to industry in considerable numbers through- 
out the war. Immediately after the war we intro- 
duced an electronic model, and a year or two later 
our Univector Attachment for carrying out A.C. 































































































































































































(Continued on p. 83 


UU CARS RS RY CRS 
From TEXAS 


Complete transistorisation of highband v.h.f. and of 
much u.h.f. equipment is now a reality with the 
introduction of two new Texas Insiruments diffused- 
base germanium transistors, the 2N1142 and the 
2N1143. 
With an alpha frequency cutoff of 600 Mc/s for 
the 2N1142 and 480 Mc/s for the 2N1143, and a 
total dissipation up to 750 mW at 25°C these tran- 
sistors will have wide application in airborne com- 
munication and navigation equipment. For added Eee 
reliability these diffused-base transistors are enclosed —_For maximum mechanical strength and heat 


a dissipation, the Texas diffused-base construc- 
in the JEDEC-TO05 welded case. tion mounts the wafer directly on to the header 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE : BEDFORD 68051 DALLAS ROAD BEDFORD CABLES : TEXINLIM BEDFORD 
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TWICE THE LIFE with 
ARCA single seated Valves 
because. ..- 2. 2+ ec ee ee 


. . . . of the fundamental advantage 
over other designs in that the seat is 
protected from cutting. Throttling 
takes place at ports in the outer 
liner and not across the main seat. 


. . ALL sizes : in.. to 10 in. 


Write for further 


BRITISH ARCA REGULATORS LTD 


Sisson Road, Gloucester (Gloucester 24901) 
London Office: 25 Victoria St., S.W.1. ABBey 4121 
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Continued from page 81 


Sir! 


polarography. The records obtained by this method 
are much superior in several respects to derived 
polarograms obtained on other instruments. The use 
of solid electrodes is also omitted, but this may be 
because some purists do not regard this as forming 
part of polarography. We are making much use 
of these in the continuous measurement of dissolved 
oxygen in boiler feed water and it gives a degree 
of accuracy and sensitivity which has no parallel 
in chemical measurements (one part in a thousand 
million by weight). 


Cambridge Instrument Co. Lid. W. E. LAMB 


What price valve actuators ? 


SIR: In his article ‘ Electrically-operated throttling 
valves * which appeared in the October CONTROL, Mr. 
G. F. Brockett states that the first cost of an electro- 
hydraulic valve actuator is from three to six times 
the cost of equivalent spring and diaphragm operators 
with pneumatic positioners. He goes on, however, to 
say that this high cost is partially offset by the 
costly air system required for pneumatic operators, 
and that certain cost studies (whose and where?) 
suggest that the total installed cost of electric and 
pneumatic operators is about equal. 

I really must take issue with Mr. Brockett on this 
point. Surely, in 99% of cases, the air system is 
already in existence and, therefore, the very efficient 
pneumatic operator which is 1/3, or even 1/6, as 
costly as the electrically powered type, is bound to win 
hands down. As Mr. Brockett remarks in his con- 
clusions ‘the solution to the problem of high per- 
formance, simplicity and low cost is not an easy one.’ 
Birmingham A. AUDLEY 


All’s well that ends well 


SIR: When we saw the September issue of your jour- 
nal, in which Miss Hodges’ article ‘ System Assessment 
and Initial Design’ was published, we were sorry to 
note the omtssion of the Conclusion, since its absence 
destroys the balance of the article as a whole. We 
shall be glad therefore if you will publish the short 
concluding section, which we repeat below. 

“Conclusion It is hoped that this article will enable 
the reader to appreciate the complexity of the prob- 
lems which must be faced when a new missile system 
is designed. It will be seen that the missile is in 
reality a very complex servo system and the design 
of each individual part depends on the performance 
of the rest of the system. It is quite impossible to 
design, for example, the aerodynamics of the missile 
without reference to the type of control and guidance 
to be used, and the theoretical design must be related 
to practice if it is to be of use in providing a satis- 
factory system. Some theoretical work is also essential, 
after the manufacture of the missile, in the assessment 
of the performance during the trials, and thence in 
assessing the missile performance against the opera- 
tional target.’ 


The General Electric Co. Ltd. N. L. HARRIS 


@ As printer’s errors go, this is quite a large one, and 


we are correspondingly sorry about it. The effects of 
the printing dispute had not quite died out when the 
September issue was ‘ put to bed,’ and this helps to 
account for the mistake. It is worth pointing out that 
Miss Hodges’ article was very clear, and that much of 
the sense of the Conclusion was conveyed both in the 
heading and the introduction—often the best place to 
put conclusions!—EDITOR. 
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Chart-drive gear 
train and multi- 
point mechanism 





Multi-point printing 
mechanism with self- 
lubricating pen-car- 
riage unit. 







Chart frame swung away for ready access to main-frame components 














—uses the same system and components as those in the 
electronic circular-chart recorder in the KENT Commander 
range. It retains, however, the same easy-to-read strip -chart 
(10 in. width) used in the Mark 2 Multelec instrument. 

The Mark 3 is available for the measurement of such variables 
as temperature, oxygen percentage, millivoltage, reactor power 
level, and—for certain applications—Mark 30 automatic 
control is included. 


Outstanding features include: 













All-mains operation—no batteries; continuous standardization 

Availability in single-, 2-, 3-, 4-, 6-, 8-, 12- and 16-point form (temp.) 
2-second full-scale travel 

High-speed, deadbeat balancing on both a.c. and d.c. inputs 

Wide choice of chart speeds, from } in./hour to 4 in./minute 

High-gain amplifier, with synchronous converter having extremely low drift 
Multi-point printing intervals of 5, 10 or 20 seconds depending on application 


Mark 30 Series air-operated automatic control is provided when required (single-, 
2-, or 3-term); also electric on/off control. 


Mark 3 Multelec recorder 


Sa 


For full details write now for Publications 293 and 295, or telephone General Industrial 
Contracts Department (Luton 2440, Ext. 8) for a quotation. 





masters of insttumentation 
GEORGE KENT LIMITED - LUTON : BEDFORDSHIRE 


Factories, Subsidiary Companies, and Branch Offices in London - Resolven - Hitchin - Toronto - Montreal - Vancouver 
Melbourne - Sydney - Fohannesburg - Salisbury - Penang - Bangkok - Brussels - Krefeld - Vienna 
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Know your pass words 


director of a well-known company, we were 

flattered by his attribution of * genius” to the 
better class of technical journalist. Our compli- 
mentary host told us that he had suffered much 
from the inability of engineers to express them- 
selves clearly in their mother tongue. Therefore, 
it seemed to him, there must be some principle of 
exclusion governing technical and literary talents, 
and the rare persons (like technical journalists) 
who possessed both talents must be extremely 
gifted individuals. 

We should like to believe this, of course, but it 
is more than modesty that makes us doubtful. 
Every good British engineer is nowadays able to 
master the symbolisms of, for example, mathe- 
matics and technical drawing. Why then should 
the symbolism of written English defeat him? It 
cannot be, as has been suggested, because he is 
the slave of mechanistic method and the langu- 
age is not self-consistent enough for his kind of 
mind to grasp. Engineers grow accustomed to 
just such difficulties with their mixed systems of 
units. Nor, at the opposite pole, can it be because 
the engineer is irrational or illogical, since the 
ability to reason is essential to his craft. As for 
the unthinking classicist’s jibe that technologists 
have no imagination, this is scarcely worth con- 
sidering, for imagination, almost by definition, is 
vital to anyone who would invent or design. 


G sirecor ot not so long ago to the technical 


Our directorial friend later made a different 
point, this after he had forgotten his melancholy 
over the shortage of literate engineers. He said 
that mathematics was intensely difficult for stu- 
dents, and had been so since the world began. But 
the subject was really quite easy. The trouble 
(also since the world began), had been that mathe- 
maticians, out of sheer vanity, had made them- 
selves into a secret society, and had deliberately 
hidden the essential simplicity of their techniques. 
By fencing these round with alarms and traps, 
the mathematicians had succeeded for millennia in 
guarding ‘ their’ truths from the rest of the com- 
munity, and in creating a state of paralytic awe 
among the uninitiated. 


Hearing all this, we were reminded of the cult 
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of the Pythagoreans, which seemed to be a pretty 
good example of security-mindedness among 
mathematicians. Certainly, in our own schooldays, 
we had found the subject of mathematics as im- 
penetrable as our master had found us; but we 
now see that our master may have been baffling 
on purpose. He may have belonged to some 
mathematical Mafia whose aim was to terrorize 
small boys. It is a plausible explanation, and we 
wish that we had thought of it at the time. Now 
that we do think of it, we remember another 
master who was equally terrible, and he taught 
English. 


Fluency with the pen is as much to be acquired 
as ease with Bessel functions or a slide rule. The 
latter can be used by practical engineers who are 
very far from being mathematicians. Such engin- 
eers have been forced, because their choice of pro- 
fession demanded it, to learn mathematical tech- 
niques. In spite of the bristling defences, manned 
by generations of mathematicians, these engineers 
have won through to the simple truths behind. But 
no one forced them to learn to write well. 


So the two strands of conversation, apparently 
separate, have shown themselves to be intertwined, 
and our earlier questions have answered them- 
selves. The symbolism of written English defeats 
sO many engineers because they have not learned 
it as thoroughly as their other symbolisms. This 
is indeed a melancholy thought, but in a way it is 
encouraging. Had the need truly been for more 
genius, then there would have been no hope. In 
fact, only more and better-directed effort is 
required. 


The further an engineer advances in his career, 
the more he finds it necessary to communicate 
and record the written word. He may, if he takes 
the path of the administrator, even forget his 
higher mathematics, his electricity and magnetism, 
his theories of machines and structures; but he 
must never forget the language he speaks and 
writes. This is a homely truth, though it is easily 
overlooked. It means that every professional en- 
gineer must be something of a writer, and rather 
more of a writer than he is of a mathematician. 



















































































Detailed design and 
precision machining 
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MAXAM 


quality and 











unfailing operation 


Exploded for production engineers to appreciate its superior 
reliability, here is a pilot solenoid valve by MAXAM:- 





















. Seats and Plunger — manufactured from plastic iron, heat- 
treated to provide maximum wear-resistance consistent with 





The design above is typical of the meticulous attention 


optimum electrical characteristics. to detail and the superior care taken to ensure that 
2. Encapsulated Coil — each one subjected to a 24-hour water MAXAM controls and air/hydraulic components shall 
immersion test before assembly. Available in a wide range of work infallibly for as long as possible on the minimum 
AC and DC voltages. Heat dissipation assisted by controlled i ‘ : 
medium passing through centre of coil. upkeep cost. The whole assembly complies with the 
3. Mounting Attachments — cast as an integral part of valve body. MAXAM emphasis on quality and reliability. 
4. Seals — of special synthetic rubber compound which resists the 66°, of current production from our machine shops is for companies 


action of specified liquids and gases. whose designers — with experience of MAXAM product quality 


5. Operation — the valve can be arranged for two or three-way performance and reliability — have planned their future flow produc- 


normally open, or normally closed operation. tion machines with MAXAM Controlled Fluid Power in mind ! 
6. Only 2 Moving Components — movement is confined to the 


| d , reduci (and s tl ain- 
tenance) to the minum. S|, «sDMAXAM POWER LIMITED 


* Manifold Mounting — the valve body base can be drilled (drill- Camborne, England. Telephone: Camborne 2275 (10 lines) 
point recesses are provided) for mounting on a machined face. London Office: 44 Brook St., W.1. Telephone: HYDe Park 9444 anit 
* Compactness — overall height of the valve is only 3% ". A company in the Holman Group which has branches, 6 
* Operating Pressures — range up to 250 p.s.i. depending on the technical representatives and agents throughout 
valve arrangement and orifice size. . the United Kingdom and the world 













For completely reliable operation 
with maximum economy — specify 
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A monthly article by a promin- 


INDUSTRY'S VIEWPOINT ent man in the control industry 


Deploring duplication, 

CONTROL's Instrumentation Consultant 

Dr. Denis Taylor, Director of Plessey Nucleonics, 
is quite sure that... 


on a subject chosen by himself 


SPECIALIZATION PAYS HANDSOMELY 


Previous contributors to this series have dwelt 
upon the need for more research on measurement 
techniques, the application of semiconductor de- 
vices to control systems, the need for digital as 
opposed to analogue methods, and so on. Much of 
what they have said has my full support. I want to 
deal with another matter, however, namely the 
importance of specialization. 

British instrumentation and control equipment 
firms are building up excellent reputations, but to 
improve and even to maintain them we need con- 
tinuous technical advances. Unfortunately, a large 
proportion of the technical effort available in this 
country is wasted in duplication. We must find 
means of avoiding this, for I am quite sure that 
specialization pays handsomely in every way. 

My predecessors have mentioned in their 
‘Viewpoints’ the importance of research in the 
universities and perhaps also in the new colleges 
of advanced technology. They have proposed that 
these places of learning should be encouraged to 
put more research effort into studying basic prob- 
lems m instrumentation and control systems. I 
am sure that this is vital, but I would emphasize 
that the greatest advances in technology result 
from the frequent meeting of the ‘man with the 
need’ and the ‘man with the technique’ that he 
wants to sell. We saw this at its best at T.R.E. 
Malvern (now the Royal Radar Establishment) 
during the last war when senior officers from the 
armed forces spent an appreciable time discussing 
their problems with the research scientists of the 
Establishment, and vice versa. 

I am quite certain that there must be the best 
possible co-operation between the instrument indus- 
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try and the users of instruments, and that research 
or development engineers should learn to appreci- 
ate fully the problems of customers. This is already 
being done in some cases. For example, it is now 
common practice to encourage engineers con- 
cerned with the devising of submarine equipment 
to spend a short time initially in underwater craft, 
and so to understand the problems from first- 
hand experience. This adventurous example could 
be followed with advantage in other quarters. I 
believe~that however much we may rely on re- 
search development in the universities, colleges 
of advanced technology, or research associations, 
we must have competent research and develop- 
ment teams in industry itself. Such practical 
teams, applying the new techniques (and possibly 
thinking up new ones), work in an atmosphere 
where the need is known and contact with the user 
is automatic. 

In this connexion I hold that it is always valu- 
able to ‘ buy time.’ If it is necessary to widen the 
scope of a business by entering a new field, it is 
always worth while to consider buying the know- 
how from whoever has it already, instead of start- 
ing from scratch. From this springboard more 
progress can be made with the available effort, and 
buying time ensures that a good start is made 
quickly toward the desired goal. Perhaps the worst 
thing that could happen to our industry would be 
a slow and timid progress by a number of parallel 
competitors, preventing us from making the ulti- 
mate advances into an exciting future. 


Maran Tree 
















A prominent engineering consultant, well known for 
his writings on control in industry, draws some conclu- 


sions from the recent political changes. Professional 
etiquette forces him to use a nom de plume 


by 


THE MAJOR APPOINTMENTS BY THE PRIME MINISTER 
have been greeted by such headlines as ‘ New Manage- 
ment Wears a Fresh Appearance,’ and enthusiasm has 
been expressed that at last one government has recog- 
nized the importance of science and technology. But is 
this really so? Is it not possibly a sop, a small mercy? 
Is the correct and vigorous approach so necessary for 
exploring the infinite mysteries of nature, and so neces- 
sary for a rising standard of living, really understood 
by our leaders today? I feel not, and fear that as a 
result this great country will be outpaced in the world 
stakes however great be the efforts of its citizens along 
mundane paths. 


Incubus of the past 


There was a time, now long past, when a man of 
culture could excel in several fields of study, and this 
may have created our present system of political minis- 
ters with no training in and no previous knowledge of 
the business of their ministries. It seems that this sys- 
tem, excellent as it might have been in past decades, 
and may well be for certain present departments, is 
not the best where science and technology are con- 
cerned. 


The present situation is that the new Minister of 
Power is no longer in the Cabinet. This is hardly an 
encouraging step, considering the great importance of 
the fuel position and the critical state of the coal indus- 
try. The new Minister of Aviation inherits the respon- 
sibility of the late Ministry of Supply for research, 
development and production of both civil and military 
aircraft, and also of guided and atomic weapons, radar 
and electronics. A mixed and divided bag indeed! The 
Lord Privy Seal will have the general task of promoting 
scientific and technological development with certain 
ministerial responsibilities for the work of the 
U.K.A.E.A., D.S.LR., M.R.C., A.R.C., O.R.C. and 
Nature Conservancy as well as for Britain’s contribu- 
tion to space research There will be no alteration in the 
dispersal of scientists in Government service, nor will 
any change be made in the executive responsibilities of 
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department ministers within whose scope scientific 
matters may come. But Lord Hailsham will be charged 
with furthering, in consultation with other ministers, the 
*Government’s broad objective of ensuring that science 
and technology play a larger part in the nation’s life.’ 
In his own words ‘I will have the responsibility to see 
that scientific interests are properly supported.’ 


Ignorance in Cabinet and Commons 


There does not appear to be one member of the 
Cabinet who can claim even a formal training in science 
or technology. Yet successful industrial companies have 
learned that it is important to have.at least one technic- 
ally trained man on the board of directors, and that 
scientific and technical advisers to lay directors are not 
good enough if the company is to keep its place in the 
competitive race. This analogy should certainly hold for 
an industrial country such as Britain. 


Too few technically trained men sit in the Commons. 
In the last House they could be counted on the fingers 
of one hand, and the number may be less in the new 
one. This situation does result in the present, and, it is 
suggested, unhappy and dangerous state of affairs, which 
at least can lead to uninformed debates (vide those on 
automation) and at most to no representation in the 
Cabinet. 


Even when there are trained men available they obvi- 
ously must be given the opportunity to broaden them- 
selves, or else the lamentable situation occurs, as it has 
in the last two or three years, when an administrator is 
placed in charge of the engineering staff at the Ministry 
of Works, and another over the lawyers and engineers 
at the Patent Office, both appointments being defended 
on the grounds that no trained man had the necessary 
administrative experience! (This situation is now being 
remedied.) 

Research to-day is all-important, yet enough examples 
in recent years have shown that so far we have not the 
right attitude of mind to allow it to flourish. The recent 
disclosure of the absence of research in the present road- 
building programme, even in connexion with such obvi- 





CONTROL November 1959 











ani 


ous matters as earth moving, illustrates this, and should 
cause a sinking feeling in the stomach of any thinking 
man. 

All of us now should ‘ promote’ science and techno- 
logy. What we vitally need are some leaders trained in 
science, people in high places who can initiate with all 
the fervour that a man trained in science alone can, 
who can hold a balance between various branches of 
science, who would see the absurdity of an annual ex- 
penditure of £50,000 on the social sciences “out of the 
£15 million D.S.I.R. research grant, and who would not 
be exposed to pressure groups (yes, they can exist in 
the world of science and technology as in any other 
world). 


Technical M.P.s 

In short, we need some scientists and technologists 
who have also been trained in the art of government as 
members of the Cabinet, and I only hope that those 
holding this opinion will do all in their power to bring 
it about at an early date. Any system can be improved 
—work study teaches us that—and the political system 
is no exception. Companies and professional institu- 
tions might do more to encourage technical men to 
stand for Parliament, and have standing arrangements 
to take them back if they lost their seats at the end of a 
term. Once in the House their technical ability should 
be used, and outmoded methods of debate and customs 
should be discarded, thus allowing those with the know- 
ledge to debate rather than those with the seniority. If 
such simple ideas as these were adopted it would surely 
not be long before a Government would come to 
power understanding science and technology. 

At present we may soon be in the position of the 
sorcerer’s apprentice, who created a force which he 
could not control, not only scientific but human. It is 
most unwise to train a ‘ worker ant’ class who only 
understand and appreciate certain kinds of problem 
and are impatient with the remainder. Man-manage- 
ment is so different from machine-management that not 
only must scientists and technologists be given the 
opportunity to study the difference but practise it as 
well. 


False clues 

Lord Hailsham said on his appointment that the big 
clue to scientific advance was in the universities. He 
went on, ‘Without a doubt our school education, 
although still inadequate, is probably the best in the 
world. But when you come to further education it is 
monstrously inadequate in amount. We want more sci- 
ence graduates, and my job would be to get more.’ He 
added that there would be more if more people were 
able to go to a university. 

All this makes interesting reading, but upon what 
facts is it founded? Are we really short of scientists 
and technologists? Professor Jewkes, in a stimulating 
and provocative address at one of this year’s~British 
Association meetings, asked the question ‘How much 
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Science?’ He is an economist who is aware of many in- 
dustrial problems (as his book ‘ The Sources of Inven- 
tion’ well showed), and who has a remarkable capacity 
for posing awkward questions. Now he asks, is there 
really a shortage of scientists and technologists? 

When there is a shortage in the supply of a com- 
modity, the price of that commodity must rise in a free 
economy. From the rather imperfect evidence that is 
available the salaries of scientists do not appear to be 
particularly high in comparison with those in other pro- 
fessions. What is more, these earnings do not seem to 
have risen much out of line with other salaries during 
the years when the shortage of scientists has been so 
much discussed. 

Now we have the results published recently of a 
major statistical survey of incomes of professional engin- 
eers conducted by the Social Survey Division of the 
Central Office of Information. In 1956 half the profes- 
sional engineers in the country earned less than £1200 
and thirty per cent. earned under £1000! Only one in 
four engineers received more than £1600. 

These figures hardly indicate a shortage of supply, 
rather the reverse, particularly when a comparison is 
made with other professions and other countries. Half 
the professional engineers in the U.S.A. earned more 
than £2250 at age 25 and £2750 at age 30. Only 
one in ten was earning less than £1625 within one year 
of graduation. In Canada half of all professional engin- 
eers earned more than £1700 one year after graduation, 
£2000 four years after graduation, and £2600 nine years 
after graduation, or about age 30. 

These and other facts appear to contradict the truism 
that we require far more scientists and technologists. 
Obviously there is an urgent need for a research study 
before any policy decisions are made by the Govern- 
ment. 


Abuses 

Again, to some observers the way in which industry 
sometimes employs graduates to-day is alarming. There 
is not always the trained scientist or technologist in 
middle management; in other words, middle manage- 
ment may not always be competent to exploit to the 
full the potentialities of the graduate. Because of this 
weakness, it is open to question whether a much larger 
number of graduates could be efficiently employed 
annually in British industry to-day. A study of the type 
suggested above might well confirm that what we need 
are more scientists and technologists in administrative 
positions which would then result in a greater demand 
and efficient utilization. 

As a country we cannot go forward on truisms, we 
need facts and we need to know what are our factors 
of ignorance. Politicians must not play ducks and drakes 
with science and technology. It is alarming to think 
that politicians may be creating new government posts 
in order to appeal to the modern age, and without any 
scientific training becoming popular scientists to further 
their political careers. 























A user's viewpoint on the control 


problems to be tackled in his industry 


Instrumentation and control 


in the brewing industry 


By B. C. KILKENNY, o.a., B.SC., D.PHIL. 


The first part of this article* dealt with the early 
stages of brewing. It ended by describing the mashing 
process and showing that it could be carried out by 
one of two ways, either by the decoction or by the 
infusion process. Here the possibility of automatically 
controlling these for process is discussed. 


Automatic control is theoretically possible with either sys- 
tem. In the decoction mash thermostatic control on a time 
basis would allow the whole process to be carried out auto- 
matically. In the infusion mash, a combination of temperature 
indication and continuous measurement of the specific gravity 
of the wort coming from the mash tun could control the 
sparge liquor. 

In practice automatic operation would be far more compli- 
cated. Apart from the automatic operation of valves and con- 
trol of motors, etc., it would also be necessary to control 
the mashing-in process and the rate of wort run-off. These 
controls in turn would involve measurement of flow rates, 
wort gravity, and possibly wort pH. Indicating instruments 
of this kind have been installed in an experimental brewery 
and are shown in Fig. 6. The recorders on the top row (left 
to right) are mash tun and sparge liquor, mash spout tem- 
perature, and wort copper and decoction vessel temperature. 
The smaller dials are steam pressure gauges. On the bottom 
row are the recorders for the flow rate of the mashing liquor, 
sparge liquor and wort run-off, and for the specific gravity 
of the wort run-off. 

It may be that controls of this kind are not economic on 
a production scale with conventional brewing equipment which 
is designed for batch work. Recent developments point to the 
use of plant designed for continuous processing, and such 
controls would then become essential. 


Boiling of wort with hops 

The next stage in the brewing process is the boiling of the 
wort with hops. With conventional equipment little instru- 
mentation is needed here, other than that necessary for ade- 
quate steam control, and some form of level gauge. 

Systems of continuous wort boiling are being developed, 
and here more instrumentation would be desirable. The system 
which is at present envisaged involves a means of flash heat- 
ing to high temperatures, about 270°F, followed by the rapid 
extraction of hop constituents. In order to control such a 
process adequately, a control of flow rate would be most 


essential. 
Wort cooling 


So far as the cooling of the wort before fermentation is 
concerned, the open flat cooler and the open vertical refrigera- 
tor have mostly given way to the closed-plate heat exchanger, 
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which is sometimes preceded by a centrifuge. Here there is 
scope for instrumentation. The simplest form of instrumenta- 
tion would consist of stem or dial thermometers fixed where 
they are required, but whilst these are very accurate and effi- 
cient and tell the operator all that is required, in a large plant 
they are so widely dispersed that it is too much trouble and 
too difficult for an operator to observe them all. It is an 
advantage to bring all the starters, thermometers, pressure 
gauges, etc., to a central control panel. Rates of flow could 
be shown at this point as well. Another check which may be 
made here is that of air content. Whilst brewers were using 
the open-type coolers and refrigerators, oxygen uptake was 
automatic, and whether the brewer wished it or not, he had 
little control over it. With the closed-plate heat exchanger, 
the brewer can add as much or as little air as he chooses. 
The usual system is to apply sterile compressed air at a 
pressure slightly in excess of that of the wort in the plate heat 
exchanger. More accurate control can be achieved by using 
additionally an air meter, so that the brewer can know the 
volume of air which has been added to a given amount of 
beer. 

The final stage would be the automatic control of the plant. 
One could decide upon the temperature at which it was de- 
sired that the wort should leave the plant, and the speed at 
which it should go through the plant, and set the plant accord- 
ingly. Again, however, in a batch process the cost of such 
instrumentation and control would not be economic. 


Fermentation 


Next the wort comes into the fermenting vessels, where yeast 
is added, which ferments the wort to carbon dioxide and 
alcohol. The beer usually lies in these fermenting vessels for 
about one week. The amount of beer in the vessels is calcu- 
lated by a dip stick, an exceedingly cheap and accurate way 
which, in England at any rate, is laid down by Excise regu- 
lations. The specific gravity of the fermenting beer is taken 
by sampling from time to time, and the temperature is usually 
indicated by a dial thermometer mounted in the front of the 
vessel. During the course of fermentation the temperature 
rises, and at the end of fermentation this temperature must 
be reduced. This is normally done by means of coils within 
the vessels, carrying low temperature water, although in more 
modern installations the vessels are jacketed on the outside 
and the attemperating water circulated through the jacket. 
During the course of fermentation, yeast is produced, and at 
the end of fermentation this must be removed. 

Research has been going on for some time into ways of 
continuous fermentation, and already plants are in commer- 
cial operation in some breweries abroad. In these installations 
the various factors described above are more completely in- 
strumented and such instruments provide the basis for con- 
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trol, as could be done today with conventional plant if the 
cost were worth while. 


Preparation for sale ; 
After fermentation the beer is put into casks or it goes to 
processing for bottling. In the former the question of the 
blending of adjuncts may be quite a complicated one. It is 
often required to add several substances before racking, such 
as sugar solutions, finings of different types, etc. A possible 
system is to store these adjuncts separately in tanks and 
feed the requisite amount by means of a preset meter system 
into mixing vessels. When the adjuncts have been mixed in 
these vessels, they can then be blended by means of controlled 
flow rates into the main beer supply. This can be done by 
putting a meter in the main beer line, which through a re- 
corder controller controls the flow rate through a second, 
namely adjunct, line. A flow meter in the adjunct line, operat- 
ing a second hand on the recorder controller, gives proof 
that the flow rates are as they should be. An alternative system 
might be to add each adjunct separately to the main beer 
line by means of a constant metering pump. These pumps 
are very accurate, especially where smail quantities are con- 
cerned, but they are not easily cleaned or kept sterile. 

If the beer is to be processed for bottling there will most 
likely first be a process of conditioning, after which the beer 
will probably be chilled and kept chilled for a varying length 
of time. 

During these processes small quantities of adjuncts are very 
often added, and here a dosing pump is the most satisfactory 
method because of the small quantities involved. 

After the conditioning and cold storage processes the beer 
is filtered before bottling. At this stage the level of instru- 
mentation which is generally found to-day is poor. There are 
several systems of filtration, but there are very few brewers 
who have any instrument control to ensure that the beer 
leaves the filter bright. To give adequate control there should 
be an indication of pressure at the entry and exit from the 
filter, an indication of flow rate with integration to give a 
record of the quantity of beer filtered, a turbidity meter on 
the unfiltered beer and a means of checking the clarity of 
the filtered beer, incorporating a turbidity alarm. These 
instruments could form the basis of automatic control. 


Primary elements 

It can be seen from the preceding paragraphs that the con- 
trol of the brewing process requires, basically, the continuous 
measurement of temperature. flow rates, specific gravity, tank 
contents, turbidity, and possibly pH. 

The measurement of temperature, so far as liquor (water) 
is concerned, or with the finished beer, presents little prob- 
lem. There are many adequate methods available. The prim- 
ary elements used in the pilot brewery referred to (Fig. 6) 
are mercury-in-steel, with pneumatic transmission to the indi- 
cators and recorders. Neither ultra quick response nor extreme 
accuracy is necessary. Where the actual mashing process is 
concerned the difficulty is to site the element so as to give 
a true indication of the whole and not just of the immediate 
vicinity of the element. This is particularly true with the 
infusion system. 

The measurement of flow presents special problems. A first 
requirement of any meter which is to come into contact 
with wort or beer is that it should be easy to dismantle and 
clean, as microbiological infection cannot be tolerated in a 
brewery. If possible the brewer would like to be able to ball it 
through as well. At the same time, when used on beer, the 
meter must be accurate, for duty-paid material is being handled 
after the fermenting vessel. It can be seen that the standard 
orifice-plate or centuri-type meter so often used in process in- 
dustries is entirely unsuitable in a brewery. In place of these 
various other types of meter are being tried and used. The 
meters used in the pilot brewery were rotameters with pneuma- 
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Fig. 6 An instrument panel in the pilot brewery 


tic transmission. Another type of meter receiving favourable 
attention is a magnetic one which has an unrestricted bore. 

Specific gravity measurement also presents special prob- 
lems. The instrument used in the pilot brewery continuously 
weighs a sample of the wort, which is bled off from the main 
flow line and returned again later. Another method might be 
to compare the specific gravity of the sample with that of a 
known liquid pneumatically. If one attempts to measure the 
specific gravity indirectly, e.g. by conductivity, the difficulty 
is always to decide what is being measured. Whilst at the 
mash tun stage specific gravity may be related to sugar con- 
centration, this is not true after fermentation. It has been 
suggested that gamma cells, which are already in commercial 
use for the measurement of slurry densities, might prove 
satisfactory, but this has yet to be shown. 

Tank contents can be measured in many ways. Once again 
with liquor there is no difficulty. With wort or beer, prob- 
lems arise due to the fob which can easily form, for example, 
during tank filling. Methods based on weight (load cells), 
pressure membranes, dielectric capacities, radioactivity, inter- 
face measurement, are all being tried. Apart from technical 
considerations, the cost is a major item. A brewer having a 
hundred tanks would hardly consider a bill of five figures 
worth while for such a purpose. 

The continuous measurement of turbidity is fairly new to 
industry. It is a matter in which many other people than 
brewers have an interest. If the interest is in turbidity alone, 
then probably it is more accurate to measure scattered light 
than transmitted light, but when colour has to be checked 
as well the matter is more complex. 

So far as continuous pH measurement is concerned, there 
are quite adequate industrial probes on the market, so this 
should present no problem. 

Speaking generally, brewers probably prefer pneumatic 
transmission to electrical. In the first instance most breweries 
already have an adequate supply and distribution system for 
clean, oil-free compressed air, using carbon ring compressors 
and copper mains etc. Further, floors and plant are regularly 
hosed down and are often wet. And in most breweries the 


Fig. 7 The conveyor control panel for empty cases in the 
Burton bottling stores 


















































maintenance staff is not at present equipped to deal with the 
maintenance of delicate electrical instruments. 
Bottling 

The last aspect of the brewing process is that of packaging, 
and in the main this means, in England, the bottling of the 
beer. Bottling stores to-day are highly mechanized, and it is 
in the bottling stores that there is the highest capital-per-bar- 
rel ratio. In modern installations the movement of all con- 
tainers, and of the beer at all stages, is carried out mechani- 
cally. Cases are placed on to conveyors feeding the bottling 
units. Thereafter the bottles are mechanically removed from 
the cases, washed, filled, sealed, pasteurized (if mecessary), 
labelled and mechanically re-packed into the same cases which 
have been travelling alongside. These cases can be mechanically 


Fig.8 A mechanical ‘ policeman’ at work 


stacked on to pallets for warehousing. 

Controls of these processes may be divided into three groups. 
There are the plant controls of steam and air pressures, 
vacuum gauges, etc., there are the quality controls of beer 
temperature, detergent concentrations, etc., and there are the 
automatic controls of the bottling units as a whole. Whilst 
most of the individual machines are fully automatic within 
themselves, there is little overall automatic control of the 
whole bottling process. 

Although palletization is often used in a full case store, 
it is not often used for storing empty beer cases, although 
this pattern is now changing. The feed of empties to stock, 
and from stock to the bottling units, is more often done by 
conveyor systems. These conveyors may be controlled by hand 
or automatically by limit switches and crowding switches, or 
by a mixture of both. Fig. 7 shows the control panel for the 
empties conveyors in a large bottling stores. With this system 
information as to what is happening on the individual con- 
veyors is fed back to the control operator and indicated by 
lights on the diagrammatic panel in front of him. In this way 
he knows how many cases are stacked along the conveyors 
feeding each unit, and he is able to feed empties coming in 
from the lorries to different units according as to how they 
are required Although the operator has to take overall con- 
trol in this way, at the same time, a good deal of automatic 
control takes place on the floor. Mechanical ‘ policemen,’ as 
shown in Fig. 8, can prevent accidents and jamming where 
lines are split or where they feed together. 

When blockages occur, crowding switches can turn off the 
conveyors concerned to prevent a build-up of cases, so that 
there is neither excessive wear on the cases nor on the chains 
by the chains continuing to run whilst-the cases slip, nor is 
there a danger of the cases being forced upwards and out- 
wards, causing considerable damage. 

In England there is at present no standard bottle shape or 
size for a given volume capacity, and most companies accept 
any other company’s bottles in their returns. With high-speed 
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machinery slight differences in bottle dimensions can cause 
stoppages, breakages and many troubles. There is need, there- 
fore, for a machine which will automatically sort bottles 
according to size, and which can be attached to an ordinary 
slat conveyor and fitted preferably in the feed from an auto- 
matic decrating machine to the washing machine. The cost 
of such a machine should easily be recouped in the savings of 
production delays and mechanical breakdowns, and indeed on 
the cost of maintenance of the units. 

So far as the bottling lines themselves are concerned, the 
individual machines, the unpacker, washer, filler, pasteurizer, 
labeller and repacker, are for the most part entirely automatic 
within themselves. Although they are all interconnected by 
conveyors there is no overall automatic control. There is no 
system for automatic compensation for stoppage periods. If, 
for example, the labellers are out of action for two to three 
minutes, then it is necessary that they should work faster 
than their normal speed for the next ten minutes in order 
to catch up. As it is, either the labellers are manually speeded 
up—and this is a difficult business with very short stoppages, 
or else there is a build-up all down the line and loss of pro- 
duction and sometimes of quality ensues. This is particularly 
important with high-speed bottling units and would seem to be 
the most important problem to be overcome. 

Services 

In support of all these production processes, from the malt- 
ings to the bottling stores, are the services provided by the 
engineering department. The boiler house and refrigeration 
plant, to mention only two services, are important aspects of 
a modern brewery. They should be as fully automatic and as 
well instrumented as is the case in other industries where fuel 
and labour costs are of concern. Such equipment is not par- 
ticular to the brewing industry alone, and it is not intended 
to discuss these in detail. 

Instrumentation is not only designed to give operational 
control. In an industry like the brewing industry quality con- 
trol is also of first line importance and must, to a large ex- 
tent, be based upon laboratory established standards. A 
modern brewery laboratory today will contain, besides the 
usual equipment of microscopes, balances, incubators, steril- 
izers, refrigerators, etc., such instruments as a spectrophoto- 
meter, a nephelometer, apparatus for chromatography of all 
kinds, and for counter current analysis. 


Quality control 

Generally, the industry has established over recent years a 
comprehensive system of historical quality control, which for 
batch working is quite adequate. The next step must be the 
continuous and immediate evaluation of data, and this work 
is still in early stages. For an example, one might take the 
question of air content in bottled beer. The amount of air 
which is allowed to remain in the head space between the 
filling level of beer and the crown cork at bottling is of great 
importance to the stability of the beer afterwards. It is custom- 
ary in larger plants to take bottle samples coming from differ- 
ent fillers at different times of the day and subsequently to 
evaluate the air content in the head space. In fact, should 
anything be found to be wrong, many hundreds and thou- 
sands of bottles have passed through before the results of 
the tests are known. It it were possible to have some form of 
immediate and continuous evaluation connected direct to the 
bottling unit, then it would be possible to alter conditions on 
the machine accordingly, and perhaps eventually to directly 
couple de-aerating devices, such as ultrasonic fobbers, to an 
instrument giving an indication of air content. 

The situation with continuous brewing is similar. Quality 
control in the future must be effected by continuous reading 
instruments, the correct values for which have been found in 
the laboratory, and which, in turn, are able to exert correc- 
tive influences on the plant process. 

End 
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Automatic controls simplify the 
pilot's task, but much care is 
necessary if the power plant is 
fully integrated with the rotor 


THE GAS-TURBINE HELICOPTER WITH MECHANICAL DRIVE 
is approaching the stage where the engine is a fully 
integrated automatic component in the flight-control 
system of the aircraft. This development is highly de- 
sirable, for the rotor controls give the unaided pilot 
little time to attend to the engine, which should not 
need handling in flight. 

In order to fly in poor visibility, automatic stabilizing 
equipments have been introduced (/). The rotor pitch 
controls are operated by servo power from an auto- 
stabilizer which can maintain a pre-determined flight 
regime. The pilot may override the stabilizer if neces- 
sary. Since it is not practical manually to override the 
engine control, it must be integrated into the flight-con- 
trol system, with the necessary safeguards to guard 
against engine failure. The engine thus becomes a power 
servo, generating power according to signals received 
from the helicopter instead of from the pilot, who is 
relieved of engine responsibilities. 


Principle of the power servo 


In a machine controlled by a servomechanism, a 
lightly loaded hand-signalling device regulates the flow 
of energy from a power servo which, working at a much 
higher level of load, causes the machine to move in 
the desired manner. The machine in turn generates a 
signal which it feeds back to the servo, and which is 
compared continuously with the input signal. The error 
between this output signal and the input signal is used 
to control the rate of energy flow from the servo. When 
the error is zero the servo does not move, so the 
machine operates steadily. 

The output of a servo is a known function of the 
input signal, transient or continuously variable, which 
means it may be designed to fit the system it operates. 
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Westland Wessex anti-submarine helicopter, powered by 
Napier Gazelle gas turbine 


The helicopter turbine a power servo 


by A. W. MORLEY, Pu.D., M.Sc., F.R.AE.S. 
Royal Naval College, Greenwich 


It always acts correctly and will give rapid-and accur- 
ate response. It does not get tired like a human operator 
and is ideally suited to monotonous work. 

Fig. 1 illustrates the principle of the helicopter-engine 
power servo. The first figure shows the old system, 
where the pilot has manual control of the rotor pitch 
and the engine power. The combined effect of change 
of rotor pitch and engine power leads to a change in 
the flight path. The feedback in this system is provided 
by visual links between the flight instruments and the 
pilot. 

In the second diagram, there is no manual link be- 
tween the pilot and the engine. There is feedback from 
the rotor to the engine, and the correct power flows 
automatically into the rotor. In a twin-engined installa- 
tion, the feedback signal from the rotor passes to the 
engines through an automatic load-balancing device. 
There is still one visual link, from the flight instruments 
to the pilot. The engine-rotor system must, of course, 
be basically stable. 

It is possible to visualize a pilotless helicopter in 
which an all-embracing automatic control takes the place 
of the human operator. The visual link is replaced by 
the feedbacks in the automatic pilot equipment. The 
engine is again a complete power servo. This full auto- 
maticity would require very little alteration to the engine 
beyond the stage indicated in Fig. 1b. 


The rotor as a power control 

The system suggested above has two basic require- 
ments. First, the movements of the rotor pitch-change 
controls, whatever the combination of cyclic and col- 
lective pitches, must yield a signal which always indi- 
cates the sense of the power change correctly, so that 
if a power increase is required to sustain the new flight 
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orientation, then the engine will be asked to give a 
power increase, and vice versa. 

Second, the engine must generate a signal which is a 
satisfactory measure of the power change. This return 
signal must be compared with the rotor signal, and 
the difference (if any) be used to operate the engine 
sO as to restore equilibrium between rotor and engine. 
This must take place without a time lag which would 
make the control unstable. 

In the fixed-wing aircraft there is rarely any need 
for such an integrated power servo. The air speed (or 
rate of climb) is a ready indication of the sense of any 
power change, and a change in engine power does not 
produce severe reactions on the flight controls; but with 
the helicopter there is no simple way of sensing power 
requirements. The rotor has to fulfil the combined 
purposes of lifting surface, flying controls, and absorber 
of engine power; these three distinct functions have their 
own equations relating motion and power, and interact 
in a complex manner. Forward speed alone is of no 
use as a way of judging power demand. 

For the pilot, the best indication of power is prob- 
ably the rotor speed. If this is falling, then more power 
is needed from the engine to restore it, and vice versa. 
Rotor-speed change, rather than flying or climbing 
speed, appears to fulfil the requirement of a power 
signal which is sufficiently independent of the settings 
of the flight controls. It is in fact convenient to govern 
the engine for constant rotor speed, and to obtain 
changes in lift by varying the rotor pitch. In practice 


Fig. 1 a. Present-day power-control signalling 
b. Future signalling with twin gas turbines 
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the rotor has some auxiliary duties to perform as well, 
but these are taken care of if its speed is governed. 

A power turbine on the same shaft as its compressor 
turbine is said to be ‘ fixed,” while a turbine not on the 
same shaft is called ‘free.’ Either type may be used to 
drive the rotor blades of a helicopter. 

The torque characteristic of the free-turbine engine 
has negative slope. For the free turbine, therefore, a 
transient in the rotor load produces a torque change 
which tends to restore the rotor to its original speed. 
Any fluctuation not restored in this way should affect 
the fuel governor of the gas generator, and signal for 
a correction in compressor speed in the sense required 
to restore the free turbine speed. Without governing 
of rotor speed, the change to correct it must be moni- 
tored by the pilot. The torque characteristic of the fixed 
turbine has positive slope which tends to instability for 
the same reason that the negative slope of the free 
tubine tends to stability; nevertheless, constant rotor- 
speed control is simpler with a fixed turbine; for any 
tendency to change rotor speed is checked directly by 
the engine-speed governor acting on the fuel control. 

The extent to which power can be increased with a 
fixed turbine, regulated to constant speed, is determined 
by the limiting turbine-inlet temperature and the onset 
of compressor surge, both of which tend to be rather 
critical and not amenable to precise control by simple 
fuel metering. On the other hand, the free-turbine engine 
can be contained by a simple speed-governor on the 
gas generator set, which is free-running and self-balanc- 
ing Over a wide speed-range. Rotor-speed governing is 
not direct as with the fixed turbine, but this does not 
impair the flexibility inherent in the free turbine. 

Without rotor-speed governing, the most significant 
changes of rotor speed occur at take-off and in power- 
off landing. In both these cases the variations in the 
rotor speed are roughly the same, for example, +10%. 
Any loss in aerodynamic performance and controllabi- 
lity caused by the variations is eliminated by governing. 

The rotor power in steady rotation exactly equals 
the engine power reaching the rotor head. When rotor 
speed is changing, a torque equal to the product of the 
polar moment of inertia and the rate of change of rotor 
speed is debited from the aerodynamic torque. Under 
conditions of an increasing aerodynamic load, e.g. just 
after take-off, with an ungoverned rotor, a fall in rotor 
speed normally occurs and an extra torque is obtained 
during this interval. This extra torque is not obtained 
with constant-rotor-speed control. 


The power-off case 


In a power-off landing, when the rotor is completely 
separated from the engine by a free wheel, its rate of 
rotation is determined by the balance of the windmilling 
torque, aerodynamic drag and any inertia term due to 
speed change. 

Rotor-speed control in this case passes from the 
domain of the engine back to the pilot. Rotor safety 


requires provision of a speed limiter, either inherently © 
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in the drag curve of the rotor, or in a mechanical link 
with negative rotor pitch. 

From the engine point of view, the inertia available 
in the idling power turbine could be made available to 
ease the rate of descent when near the ground. To add 
this inertia to that of the rotor in the final pull-out 
requires some complication in the free-wheel mechan- 
ism. 


Harmonic torque to balance harmonic rotor loads 


In forward flight, the cyclic aerodynamic forces on the 
rotor blades produce forces on the rotor head with 
harmonic components which cause unpleasant vibra- 
tions and may limit performance. When the engine 
is fully integrated as a power servo, it becomes feasible 
to generate a torque at the rotor head with a superim- 
posed harmonic term of the right frequency and ampli- 
tude to equal the fluctuation in torque required. This 
can be done by feeding a suitable blade-position signal 
into the engine fuel-metering system. Such a ripple 
would have a frequency too high to affect the tempera- 
ture of the turbine-blade metal. The rotor head would 
then rotate without any fluctuation in angular velocity. 
A torque fluctuation would, of course, appear in the 
engine and its mountings, but the period would be 
several engine revolutions, and it would be a far smaller 
nuisance than the rotor vibrations under some flight 
conditions. 


Repercussions on engine design 


From the point of view of a power servo, the im- 
portant features of free or fixed turbines are those 
which concern their operation as automatic links in the 
helicopter flight-control system. If the engine is of the 
free-turbine type, to be properly integrated with the 
rotor the main governor of the engine must be taken 
off the gas generator and fitted to the power turbine 
shaft. This is simple enough in principle, but in prac- 
tice brings some problems to the engine manufacturer. 
Partial solutions can be tried, such as the mechanical 
linking of the engine throttle with the rotor-pitch levers. 
Here the compressor set remains speed-governed, and 
the engine gives the power required according to the 
pitch settings of the rotor; though the pilot has still 
to watch his rotor-speed and keep it within prescribed 
limits by hand. This linkage will cope with part of the 
range of flight conditions, for example, initial climb, 
but its extension to all flight regimes is too compli- 
cated. The neater solution is to set the main governor 
on to rotor-speed for power control and have a com- 
pressor over-speed governor as a safety control only. 

Before the advent of the speed-governed rotor, it was 
for a number of reasons standard practice to govern 
the free-turbine engine on compressor speed. In the 
first place, the fuel pump is driven off the gas-generator 
rotor, and usually incorporates the speed governor. 
Further, the compressor speed is the more important 
speed in relation to brake power, and it is usual to 
fix the engine ratings on compressor speed. The mech- 
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anical design is such that close speed-governing of the 
compressor is usually essential. The importance of 
avoiding compressor surge dictates limitations in rate 
of change of gas-generator speed. 

These difficulties can be overcome if the gas generator 
is sufficiently rugged and flexible and free from control 
faults. 

If the engine is fixed-turbine, then constant rotor 
speed means constant compressor speed. Experience 
has shown that this type of engine operates over a 
sufficient power scale to meet all power-on flight require- 
ment, without change of running speed. The compara- 
tive simplicity of such a mode of operation is highly 
desirable. 

From the arguments above it may seem that a better 
control of -power flow lies with the constant-speeding 
fixed-turbine engine. When a closer look is taken, the 
choice of engine is not so easy. Two outstanding prob- 
lems are, first, the importance of turbine temperature 
control, which is as much a vital factor in engine power 
regulation as compressor speed control, and second, 
the difficulty of coupling two or more engines to the 
same rotor drive. 


Turbine temperature control 


The overswing of turbine inlet temperature, which 
follows a rapid change in fuel flow, presents as much 
of a problem in the case of the free turbine as in the 
case of the fixed turbine, for it takes place before any 
change in compressor speed can make itself felt. This 
aspect of transient operation limits the rate of power 
response, rather than the presence or absence of rotor 
inertia. 

The increase of air mass flow, which occurs as an 
indirect effect of a scheduled power jump on a free- 
turbine engine, has a useful influence in offsetting the 
rapid rise in turbine inlet temperature, which follows 
the step increase in fuel flow, and is an interesting 
secondary effect. Fig. 2 illustrates this by comparing the 
estimated transients for otherwise similar fixed- and 
free-turbine engines. Initially the turbine temperatures 
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keep together; then the temperature of the free turbine 
comes down slightly below that of the other as the 
speed of its compressor builds up. The fixed turbine 
gives a higher power at the beginning, but if its inlet 
temperature is finally to be the same as for the free 
turbine, its power is slightly below that of the latter as 
the transient settles out. 

The increase in air mass flow rate of the free turbine 
depends on the compressor acceleration, and is not as 
rapid as the step in gas temperature, but it has a signi- 
ficant effect in reducing the steady maximum blade 
temperatures. The more serious effect on the turbine 
blades’ life is caused by very rapid reduction in gas 
temperature. Here the free turbine loses some of the 
advantage of reduced compressor mass flow which 
would otherwise accrue, due to the lag in air flow de- 
cline caused by compressor inertia. 


Engine time constant 

When a performance parameter of the engine, such 
as its speed, suffers a sudden change, the fluctuation of 
the parameter as it settles down to a steady value may 
be expressed by an equation of the type 

yore” */*sin(wt + a) 
Here y, is the maximum fluctuation, or initial over- 
shoot, ft is time from the disturbance, » is the pulsatance 
of the ripple, a the phase angle, and a the time con- 
stant of the system. Whatever the initial overshoot the 
transient is smoothed out rapidly if the factor e~‘/* 
decreases rapidly with time. 

The time constant commonly referred to relates to a 
transient in speed. For an aircraft gas turbine it is 
usually of the order one to three seconds. The time con- 
stant significant with rotor-speed governing is power 
response rather than engine speed. It has been pointed 
out above that the power response to change in turbine 
temperature is nearly the same whether the engine is 
free- or fixed-turbine. The fixed turbine has the more 
rapid power response at the beginning of a fuel step, 
but is caught and finally passed by the free turbine. 

When the engine is intergrated as a power servo, and 
the rotor is speed-governed, we are not so likely to be 
concerned with the time to smooth out transients in 
speed, but rather with the time to smooth out changes 
in cyclic pitch and collective pitch, for it appears that 
these time constants are likely to be greater than those 
of the turbine engine. After a step change from the 
steady state, the aerodynamic forces on the rotor will 
not be steady-again until the whole helicopter has re- 
settled in to steady motion. During the transition there 
will be chances for resonance, particularly if the pul- 
satance of the engine is related to the pulsatance of the 
rotor by a prime factor. 

The methods of control-system synthesis are avail- 
able for studying the time constants and frequencies of 
the rotor and engine. It is customary to base the analy- 
tical approach on experiences with other engines; for 
example, with similar designs of the single-shaft engine, 
it is known that the time constant for a step change in 
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speed is nearly proportional to the root of the air mass 
flow, varies inversely as the pressure ratio, and increases 
with decrease of speed in roughly the same way for all 
engines of the family. If necessary, and when the laws 
of the individual units can be stated concisely, it is usual 
to build simulators which represent the ‘ blocks’ in the 
control system so that the overall behaviour of the sys- 
tem can be examined. 


Twin-engine considerations 


It is not easy to achieve, with a minimum of control 

complication, full-power servo action with two engines 
coupled to a common rotor by mechanical drive. 
If the two engines are free-turbine, the division of the 
engine into the two parts, gas generator and power tur- 
bine, is ideal for mechanically coupling the outputs of 
the two engines together. The two gas generators can 
run at slightly different governed speeds (and inevitably 
this will be the case) without upsetting the power flow to 
the respective turbines and their common drive. But when 
rotor-speed governing is required, any slight maladjust- 
ment in the rotor-speed regulators, when the power tur- 
bines are mechanically coupled, will lead to shedding 
of the load; this will pass from the turbine with a speed 
higher than its regulator setting to the turbine the speed 
of which is lower. Unless a stabilizing element, such as 
a torque or compressor speed balance, is introduced into 
the system, such shedding will continue until one engine 
is running all-out while the other carries no load. 

If the engines are of the fixed-turbine type, there is 
even less freedom, and the coupling of two individually 
governed engines to a common drive will produce 
severe load-shedding unless a torque balance is pro- 
vided to override any governor error. The rigidity of 
the drive and the need for balance can be reduced by 
the introduction of a flexible link, such as a fluid coup- 
ling, which will transmit the full torque while permitting 
sufficient slip to accommodate the inequality between 


Fig. 3 Taken from a simulator test by Westland Aircraft, 
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the two speed governors; but unless the speed differ- 
ence is trimmed out there will be a permanent power 
loss, equal to the percentage disparity between the two 
governors, as well as the problem of dissipating the 
power wasted in the coupling. 


Load shedding examined by simulator 


It is possible to examine the helicopter system by 
simulator techniques once the laws of the elements of 
the machine, including the engine, have been stated 
sufficiently concisely. The sharing of the load between 
a pair of engines geared to a single rotor is a problem 
which has been successfully attacked in this manner. 
Fig. 3 gives an example based on a result obtained by 
J. M. Harrison at the Westland Aircraft Company, 
using an I.B.M.650 computer. 

The take-off sequence simulated consisted of a 
selected ramp increase in rotor speed followed by a 
ramp increase in collective pitch. The computer was 
arranged so that the governor of the left-hand engine 
was selecting a speed of 14% above that of the right- 
hand engine. We see that the torque curves of the two 
engines keep closely together during the period of in- 
creasing speed until the peak torque is reached, then, 
under the influence of the governor error, the right 
engine rapidly sheds all load. The programme was such 
that the phases followed automatically as the rotor 
speed stabilized, and we see that it took about four 
seconds to stabilize between the completion of the 
speed signal and the beginning of the collective pitch 
change. As the speed of the rotor falls slightly under the 
influence of the increase in collective pitch, the right 
engine picks up load again. After the system has 
steadied down the rotor torque has been shared in 2 
ratio of about 60/40 between the two engines. If this 
problem existed in practice, steps would be taken to 
make the load between the two engines more even be- 
fore take-off, by manual torque trimming, so that a 
serious inequality in torque during the period of in- 
creasing collective pitch would be avoided. 


Automatic operation if one engine of a pair fails 


The duplication of power units in a twin-engined 
helicopter does not serve quite the same purpose as the 
duplication of a vital servo in a control system. It 
would be very uneconomical to duplicate power to such 
an extent that the helicopter could take off maximum 
load with a single engine under the most severe condi- 
tions of atmospheric temperature and altitude, though 
the one engine must have sufficient power to ensure safe 
operation under the worst conditions that are likely 
to occur. But no one would attempt to take off with an 
engine about to fail; the whole programme of ground 
inspection, pilot training and power checks is designed 
to prevent this. Probably an acceptable standard of 
reliability is reached if single-engine failure under 
hovering conditions can be made safe by arranging that 
sufficient power is available immediately, from the re- 
maining engine, to put the machine into forward flight 
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with a low rate of sink. To fly level at minimum-power 
speed a helicopter requires only about 50% of the power 
necessary for hovering flight, so that if the power of 
the good engine can be increased rapidly to that needed 
in hovering flight, with a temporary increase so that 
the orientation can be changed from hovering to level 
flight on single-engine power, a dangerous situation will 
be avoided. 


Need for rapid change to emergency power 


A helicopter rarely needs to hover except when near 
the ground. To meet engine failure under these cir- 
cumstances the emergency power of each engine of a 
twin-engined machine needs to be roughly 25% more 
than its normal take-off power. It must be possible to 
attain this peak power very rapidly, in some cases within 
a second or so of the failure. 

The requirement for an exceedingly rapid response 
sets a difficult target for the engine control designer. 
Individual delays in the engine control components have 
to be reckoned with, and there is a minimum time for 
fuel scheduling on account of overswing of turbine inlet 
temperature. The turbine temperature limiter needs a 
temporary upward bias. The fading of the torquemeter 
signal on the failed engine may be used to initiate the 
emergency sequence. 


Engine control functions 


The hydro-mechanical turbine control, using pressur- 
ized fuel as working fluid, lends itself to established 
methods of fuel metering and associated duties, such as 
starting procedure, automatic control of speed and tur- 
bine inlet temperature, acceleration control, speed, out- 
put torque, and maximum turbine-temperature limita- 
tion, emergency power control, and rapid shut-down 
following a drive-shaft failure to prevent disintegration 
of the turbine. 

The complete control is necessarily complex, and since 
the tendency will be to develop it even further, this has 
to be done with the minimum of complication, particu- 
larly as every added piece introduces new possibilities 
of misbehaviour. 

The two basic functions which have to be limited on 
the engine are the turbine inlet temperature and the 
speed. The latter, in the case of the free-turbine engine, 
needs two speed-limiters, one on the compressor and 
the other on the power turbine. Other engine limitations 
are engine torque and rate of compressor acceleration. 
Absence of torque may be used to indicate turbine- 
drive failure. In theory a torque change can be sensed 
before a speed change, which gives the governor more 
time to act. 

The rate of compressor acceleration is limited to re- 
duce the possibility of surge and turbine overheating 
when the engine is opened-up rapidly. Developments 
in axial-flow compressors (for example, movable stator 
blades operated by the engine control) allow better 
run-up characteristics through the engine’s low-speed 
range. 


To be continued 
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Simulators for 


ON MONDAY, OCTOBER 19, HIS ROYAL HIGHNESS THE 
Duke of Edinburgh opened the ew Ship Hydro- 
dynamics Laboratory at Feltham. 

At this offshoot of the National Physical Laboratory 
sea conditions are to be simulated more realistically 
than has been possible in the past. Fundamental infor- 
mation is to be accumulated, and from this it is hoped 
to gather data for the design of ships that can safely 
and comfortably keep up high speeds in rough seas. 

There are three main facilities at the new laboratory; 
a very large towing tank (Fig. |), a large water tunnel 
(Fig. 2), and a sea-keeping and manceuvring basin. 

Towing tank The towing tank, which is 1300 ft long, 
and therefore twice as long as the N.P.L.’s largest tank 
at Teddington, will take much bigger models than have 
hitherto been handled in this country. The length is 
great enough for several ship-speeds to be simulated* in 
one run, and the wait between runs (to let the waves 
die down) takes up less of the total available time than 
with shorter tanks. Models up to forty feet long can 
be tested, and the scale effect is less troublesome than 
with smaller models. Actual states of the sea will be 
simulated by making irregular waves, and as the model 
advances into these it will pitch and heave in a non- 
uniform way. A better statistical picture of the model’s 
response will be derived from long runs in this new 
tank than from short runs as in the past. A high-speed 
carriage propels the model along the tank. The car- 
riage can make fast controlled runs with a long-enough 
interval at the specified speed for useful study of hydro- 
foils under cavitating conditions. 

Water tunnel Hydrofoil sections and model propel- 
lers up to 24 in. in diameter can be tested in the 44-in. 
water tunnel (Fig. 2). The maximum speed of the water 
in the working section is 50 ft/s. Impeller-blade pitch is 
adjustable at standstill, and the speed of the impeller 
is controlled by varying the generator voltage in the 
conventional Ward Leonard drive. Automatic speed 


* * Simulated * because model speed is not equal to ship speed, but 
the conditions are made dynamically similar. 
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N.P.L.'s new model-testing laboratory at 
Feltham has a number of features to in- 
terest the control engineer. We select two 
of the most notable for description here 


Seaworthiness 


control is provided as for the tank drive mentioned 
above. The electronic equipment is similar, and the 
accuracy is of the same order. Torque is automatically 
limited. 

Sea-keeping tank Fast ships of the coming generation 
must be able to keep up speed in all weathers. Rough- 
sea tests on models in tanks have hitherto been con- 





Fig. 1 Towing tank, with high-speed carriage straddling it in 
foreground 


fined to head-on and stern-on seas. In the new sea- 
keeping tank, which is 100 ft square by 8 ft deep, it has 
been planned to use remotely controlled models (though 
there is now some doubt about whether to do this). 
Models will be tested in waves coming at all angles to 
the course, and data will either be recorded on board 
or telemetered ashore. A wave-maker is already fitted 
to one wall, and an articulated wave-maker will later 
be fitted to another wall at right angles so that confused 
seas can be simulated. Steady wind forces, which 
amount to about 3% of hydrodynamic forces in stan- 
dard conditions, may be represented by weights. There 
is a ship now at sea to produce data for the correlation 
of full-scale results with the data obtained from tests in 
the sea-keeping tank. 

Among the items of particular interest to control 
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engineers are the electro-hydraulically controlled wave- 
maker and the speed controller for the carriage on the 
towing tank. These are described in greater detail below. 


THE WAVE-MAKER 

To make waves for the towing tank there is a wedge- 
shaped plunger at one end (Fig. 3). Weighing some 
twenty tons, the plunger is 48 ft long, about 7 ft wide at 
the top, and 17 ft deep. Its section tapers almost to a 
point at the bottom. Guided by four heavy rails, the 
plunger will oscillate vertically to produce a uniform 
train of waves along the tank. The front face is shaped 
to within + } in. of a theoretically ideal contour, and is 
designed to make waves up to forty feet long and two 
feet high. 

The speed of the plunger will govern the frequency 
of the water wave, so it must be moved with what is a 
very high degree of positional accuracy for such a large 
inertia. Two pairs of hydraulic cylinders will actuate 
the mass, and be automatically position-controlled by 
electro-hydraulic servo. The system was designed and 
constructed by Keelavite Hydraulics, who sub-contrac- 
ted the electronics to Associated Electrical Industries. 


Hydraulic system 

There are two main circuits, one on each plinth to 
power the pair of cylinders on each side of the wave- 
maker. A common boosting circuit supplies oil under 
a pressure of 250 Ib/in* to the variable-delivery piston 
pumps in the two main circuits, and a common servo 
circuit serves to actuate the main pump controls, stop 
valves and change-over valves. 

We have already mentioned the significance of the 
large inertia, but the design of the main circuits was 
influenced by more considerations than the weight of 
the plunger and the speed with which it has to be 
moved. The natural frequency of the system has to be 
as high as possible in order to make the control ade- 
quate at both high and low speeds of operation. This 
is done in a number of ways. For example, the greatest 
stroke and speed are wanted at the lowest frequency, 
and a smaller stroke and speed at the highest frequency; 
so (on one side of the plunger) both cylinders will be 
connected in parallel for high-frequency work, and both 
pumps supply one cylinder for low-frequency work. In 
this way the natural frequency will be increased when a 
high value of it is most necessary. Another problem 
always encountered with this class of servo is the 
compressibility of the working fluid. In the Feltham 
installation a synthetic fluid is used having about half 


Fig. 2 Water speed, pressure, and dynamometer speed are 
controlled from a three-section desk, as shown here 

























































Fig. 3 Wave-maker at end of towing tank (the large cylinders 
in each trio are pneumatic balancers) 
the compressibility of mineral oil. The evil effect of 
compressibility is further reduced in this system by 
minimizing the volume of fluid (e.g. by mounting all 
the hydraulic equipment as closely as possible to the 
cylinders). 

At moderate speeds all four cylinders are to be used, 
each powered by its own pump (the delivery pressure of 
which may rise to 1800 lb/in*). The quartette will be 
kept in unison by the servo system. At high speeds, as 
already stated, one cylinder of each pair is to receive 
the full delivery of both pumps serving that pair. The 
idle cylinder will then be isolated by solenoid-operated 
valves in the servo circuit. Valves are included to de- 
celerate the wedge if there is a sudden stoppage. Inter- 
locks ensure that the main pumps cannot be started 
until the boost and servo pressures are at their minima, 
and the system stops automatically if either of the pres- 
sures falls below these levels. There are other cut-outs 
to act if the temperature of the fluid becomes excessive, 
or the wedge departs from horizontality by more than 
11/16 in. 

The servo circuit is closely linked with the electronic 
system, which is briefly described below. Four Keela- 
vite Type-5545 two-stage electro-hydraulic relays are 
used (see Fig. 4). The first stage in each of these relays 
consists of an electro-magnetic torque motor driving a 
three-way pilot valve, nominally of zero lap. The spring- 
loaded torque motor also drives an inductive rotary 
pick-off to provide a positional signal, and the loop is 





Fig. 4 Electro- 
hydraulic relay 


closed around the pilot valve. The second stage of the 
relay is a conventional piston valve the position of 
which is governed by the pilot valve. 

The flow from each relay is fed to actuators that 
move the swashplate in the associated variable-delivery 
pump. As the position of this swashplate regulates the 
sense and rate of delivery, the speed and direction of 
the flow are also governed by it. The period of oscilla- 
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Fig. 5 Control desk for wave-maker 


tion of the wedge is determined by the duration of flow 
in each direction. 


Electronic system 

The amplitude and frequency of the water waves pro- 
duced by the wedge are to be infinitely variable between 
0 and 1.5 ft and 1/2°8 and 1/0°95 c/s. A Selsyn, driven 
through a precision gearbox by a very accurately speed- 
controlled motor, excites an inductive potentiometer to 
control the amplitude. The setting of the potentiometer 
is remotely regulated from a desk (Fig. 5) by a sub- 
servo position-controller. 

The controls operate through sub-servos both for 
operational convenience and to restrain the plunger in 
acceleration and velocity. The sub-servos also deter- 
mine the sequence of operation at the beginning and 
end of a test. Interlocks guard against such faults as 
misalignment between the ends of the plunger, excess- 
ive error in the main servos, and failure of pumps. 

The servos associated with each end of the wedge 
must be carefully matched, and this is done by using 
a comprehensive set of feedback loops designed so that 
the individual characteristics of their hydraulic elements 
are largely submerged. The loops are excited by pick- 
offs measuring the motion of the hydraulic valves, and 
by tacho-generators and Selsyns measuring the position 
and speed of the pump swashplate and the main ram. 

A great deal of preliminary calculation and experi- 


Fig. 6 Electronic control cubicles for wave-maker 





ment was necessary to decide in what proportions the 
various signals should be mixed, and much work was 
also needed on the site itself because (as so often with 
such systems) of the factors that could not conveniently 
be included in the analysis. 


HIGH-SPEED CARRIAGE 

Earlier in this account we referred to the need for 
uniform and undisturbed motion by the forty-ton car- 
riage that bears and propels the model under test. 

The carriage is driven by four twin-wheeled self- 
steering bogies on which the frame is effectively pivoted 
through a system of rubber compression springs. Each 
bogie is powered by an a.c. motor of 300h.p. peak 
rating. Power is provided by a Ward Leonard set and 
transmitted through rigid conducting rails alongside the 
walls of the tank. 

While the engineering construction has been most care- 
ful, the track and drive cannot be perfect, and the speed 
of the carriage is therefore servo-controlled. The con- 
troller (by English Electric, who are the main electrical 
contractors at Feltham) is stated to hold any set test- 
ing speed between 10 and S50 ft/s within 0°1%. (The 
same equipment limits the acceleration to a pre-set 
value). A pilot generator is made to give an output of 
voltage proportional to the speed of the carriage. This 





Fig. 7 Control desk on the fast towing carriage 
voltage is compared with the setting reference-signal, 
and excitation of the Ward Leonard generator is varied 
to correct any error. 

The carriage is controlled entirely from a desk on it, 
mostly by push-buttons. There are facilities for fine 
adjustment of speed and limitation of torque. The elec- 
tronic and contactor equipment is mounted on the car- 
riage, and the generators and exciter sets placed ‘on 
shore’ with the d.c. circuit-breaker and control 
equipment. 

At the end of a run the carriage is retarded by re- 
generative electrical braking. The reverse torque is auto- 
matically limited in the same way as during accelera- 
tion. At high speeds a system of friction brakes is 
used. These are spring-loaded and held off pneumatic- 
ally; they therefore fail to safety if the air pressure is 
lost. An aircraft-carrier arrester is installed to act in the 
last resort. 
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Trends in this rapidly moving field were con- 
sidered by the |.E.E. Measurement and Control 
Section late last month. The opening speaker 
here develops his remarks into a crisp survey, 
and briefly reports the discussion that followed 


Stores for fast digital computers 





by W. RENWICK, oM.aA., B.SC., A.M.I.E.E., M.BRIT.I.R.E. 
Chief Engineer, Electronic Research, 


FUTURE PROGRESS IN THE DESIGN OF HIGH-SPEED DIGITAL 
computers depends on the availability of storage sys- 
tems which can fulfil the requirements with regard to 
capacity and access-time. Since the cost per digit of 
storage increases rapidly as the access-time is decreased, 
most computers have their stores organized on at least 
two levels, consisting of a small amount of high-speed 
storage as ‘ working store’ and a large capacity ‘ back- 
ing store’ with a relatively long access-time. While it 
is convenient for the computer programmer to have 
only one level of random-access store, this may be ruled 
out by the restrictions imposed by the physical size as 
well as economically. For example, in a parallel store 
composed of discrete elements at a linear spacing of 
ten per cm, the delay due merely to the finite velocity 
of propagation, and without making allowance for the 
effect of leakage inductance and stray capacitance, is | 
millimicrosecond for 300 digits. It is apparent, there- 
fore, that‘as computing speeds increase, the bit density 
must be increased or the size of the storage block re- 
duced. A reduction in the dimensions of the individual 
storage element, as well as making a higher packing 
density possible, will also reduce the power required, 
since the energy dissipated is usually proportional to 
the volume of material switched. 


Present methods and future possibilities 

Because most of the available working stores were 
serial access systems such as ultrasonic mercury delay 
lines, magnetostrictive lines or magnetic drums, in 
which the information stored was only available sequen- 
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tially, the majority of machines, especially those de- 
signed for business purposes, operated in the serial 
mode. Until the introduction of the rectangular hystere- 
sis-loop ferrite-core store, the realization of the higher 
speed inherent in parallel operation was dependent on 
systems employing the cathode ray tube or other special 
electrostatic tubes. At the present time the ferrite core 
matrix (/) provides a reliable working store with a 
minimum access cycle time of about five microseconds 
for capacities of a few thousand words. Magnetic drums 
are used extensively as a medium-size backing store 
with access times of a few milliseconds. When very large 
amounts of data must be stored, magnetic tape is the 
only economical solution, and is especially attractive 
in cases where the data can be ordered and access time 
is no problem. In applications where large capacity and 
more random access is required, magnetic disk stores 
(2) or high-capacity low-speed drums are possible. 
For the immediate future, high-speed needs will prob- 
ably be met by extending the operating range of ferrites 
by employing new materials, special core geometries or 
new circuit configurations. With these techniques, the 
improvement in cycle time to be gained is at least an 
order of magnitude over existing systems or 0°5 micro- 
seconds for one thousand words. In medium-capacity 
backing-store applications the matrix store using ferrite 
cores or apertured plates (3) may supplant the magnetic 
drum, with the twistor (4) perhaps offering a cheaper 
alternative. The largest core store in operation contains 
65,000 words or about 2} million bits, which is com- 
parable in capacity with magnetic drums, although the 
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Principle of operation of 2-core/bit fast store 


cost per digit is much higher. Some reported work (5) 
on the use of the electron mirror microscope to examine 
patterns on magnetic tape, may develop into an alterna- 
tive form of large-capacity store with access time of 
the order of one microsecond and packing densities of 
10° bits/cm*. It may also be possible to write into this 
store using an electron beam (6), although separate 
erasing facilities will be necessary. 


The ferrite core 


Since the switching time of a ferrite core is inversely 
proportional to the applied field in excess of the coer- 
cive field, the cycle time in coincident current selection 
systems is restricted by the requirement that unselected 
cores should not be disturbed. By using word selection 
combined with the differential switching of two cores, 
it is possible to remove this restriction and decrease sig- 
nificantly the access-cycle time. Figure 1 shows the prin- 
ciple of operation of the system, which depends on the 
difference in flux set in two cores, one of which is aided 
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and the other inhibited by the digit current, and which 
are both overdriven for a short time by the word cur- 
rent. It is advantageous to reduce the total flux switched 
in the cores, because then the energy is reduced and the 
necessary power-handling capacity of the driving ele- 
ments is decreased. Various ferrite geometries with 
alternative magnetic paths have been suggested, one of 
the most interesting of which is the coincident-flux 
three-aperture ‘ fluxor’ developed by I.B.M. (7). The 
major disadvantage of such elements is the increased 
complexity required in the wires threading the system. 
In addition to these circuit and device developments, 
research is being continued in an attempt to produce 
materials with improved characteristics. 


Thin films 


As the cut-off frequency of transistors increases, mak- 
ing possible faster computing circuits, so does the cycle- 
time required from the working store decrease. In an 
attempt to fulfil these requirements a considerable 
amount of research is being concentrated on thin mag- 
netic and superconducting films. The switching times 
which have been achieved in the laboratory for both of 
these systems promise a further significant reduction in 
access cycle time. There are, however, many technolo- 
gical problems to be solved, especially that of evaporat- 
ing films with reproducible characteristics, before either 
could be manufactured on a production basis. 

In the magnetic-film store the film of ferromagnetic 
material is evaporated on to a glass substrate in the 
form of circles a few millimetres in diameter and about 
10-* cm thick. By using a combination of transverse 
and longitudinal fields, switching of the film takes place 
by a coherent rotation of the magnetization, a process 
which is inherently very fast. Since both the magnetic 
elements and the conductors can be evaporated, the 
magnetic film store offers the possibility of manufac- 
turing advantages as well as a considerable increase in 
operating speed. 


Superconducting circuits 

When some metals are cooled to temperatures a few 
degrees above absolute zero, their resistance completely 
disappears, so that if a current is established in a contin- 
uous superconducting circuit, it will persist indefinitely. 
The two directions of current flow can be made to re- 
present the binary digits 0 and 1. Since the supercon- 
ducting properties of the metal can be destroyed by 
placing it in a magnetic field, the fields set up by cur- 
rents in neighbouring conductors can be used for read- 
ing and writing. One promising configuration is the 
Crowe cell (8), the arrangement of which is shown in 
Fig. 2. This consists of two D-shaped holes in a lead 
sheet with the persistent current paths as shown. The 
read-out and write-in conductors run parallel with the 
centre leg of the cell, so that the field due to a suffi- 
ciently large current in either of them causes the centre 
leg to become resistive. The use of the superconducting 
element depends on the development of a low-tempera- 
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ture switching element suitable for use in a selection 
system, since the heat conduction along the number of 
output wires required from the helium cryostat would 
appear to rule out selection at room temperatures. 
Efforts are being directed towards the development of 
such a switch based on the work of the late D. A. 
Buck on the cryotron (9). 


Limitation on speed of read-out 


One limitation on the operating speed of all random- 
access storage systems in use or projected, is that read- 
ing is destructive so that the information must be re- 
written in the store after reading. In most cases writing 
new information into the store occurs less frequently 
than reading, so that a useful increase in speed can be 
gained by using non-destructive read-out. Several 
methods have been proposed for use with ferrite cores 
and a system has been described (/0) for use with thin 
magnetic films. By employing permanent or semi-per- 
manent storage systems (where writing is very infre- 
quent) with fast read-out, it is possible to reduce the 
size of high-speed working store which is necessary. 


Future trends 


The trend towards higher operating speed, especially 
in computers for scientific purposes, is providing much 
of the impetus in research and development into storage 
systems. For the next few years at least, it would seem 
that designers will have to rely on the ferrite core or 
similar elements for the working store, aided by non- 
destructive read-out methods and augmented by per- 
manent storage systems when possible. In the more dis- 
tant future either thin magnetic film or persistent cur- 
rent stores should fulfil the increased requirements for 
speed and capacity. The twistor or ferrite core matrix 
may supplant the magnetic drum in some backing store 
application, but there appears at present to be no future 
alternative to magnetic tape for the storage of very large 
quantities of data. It is of interest to note that all the 
most promising storage systems make use of magnetic 
phenomena and that ferro-electric and electrostatic sys- 
tems are no longer seriously considered. 


1.E.E. discussion 


On October 27 the Measurement and Control Section 
of the I.E.E. met to consider the subject of this article. 
The large, number present at the meeting and the brisk 
discussion which followed revealed the importance given 
to it among computer designers. 

Design methods were suggested for overcoming the 
difficulties in machine programming for two levels of 
storage, which would create the illusion to the pro- 
grammer of a large one-level high-speed store. There 
appeared to be some reticence on the part of those 
groups working in the magnetic thin-film field, although 
one speaker suggested that the thin toroidal film held 
more hope for successful development than the flat film. 
Switching times of 3 us, apparently limited by-the mea- 
suring apparatus, had been achieved in the laboratory 
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with thin superconducting film. Because of their bet- 
ter heat transfer properties, tin as the superconductor 
and mica as substrate were stated to give shorter switch- 
ing than lead on glass. Work on superconducting stor- 
age elements had reached the stage where it would be 
possible to construct a store of about a million digits 
in a cubic foot of space, and it was also suggested that 
there were insuperable difficulties in carrying out selec- 
tion at room temperatures. 

The principles behind the electron mirror microscope 
method of reading magnetic records were elucidated by 
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Fig. 2 Crowe cell 


another speaker who also pointed out some of the diffi- 
culties likely to be encountered. 

In the permanent storage field, mention was made of 
a system using transformer couplings as the storage ele- 
ment. The analogous scheme using capacitive coupling 
elements, on which work was being carried out in Rus- 
sia, was also described. 

Although no startlingly new developments were des- 
cribed the contributions to the discussion revealed the 
considerable amount of effort which is going into the 
research on and development of high-speed storage sys- 
tems for digital computers. 
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Accelerating hydrogen ions to energies of 
600 MeV is a task requiring substantial 
plant, careful control, and special safe- 
guards. At Meyrin, near Geneva, it has been 


accomplished by international teamwork 


synchro-cyclotron 


by F. W. WOODCOCK, a.M.1.E.E., A.F.R.AE.S. 


and GUY BOYADJIAN, DIPL. ING. E.F.R. 


Cern, Geneva, Switzerland 


The Conseil Européen pour la Recherche Nucléaire 
(‘ Cern’) is an organization of thirteen European states, 
including the United Kingdom, which was set up in 
1954 for co-operative nuclear research. The main work 
of Cern is at present on large particle-accelerators. 

To-day, nuclear physics research depends largely on 
such machines. They are able to produce intense sources 
of high-energy particles, and the cyclotron is one of the 
growing family of these machines (/). Charged particles 
are injected into a cyclotron by an ion source at the 
centre of a uniform magnetic field, and use is made of 
the basic principle that, in a vacuum, such particles 
will move in a circle. The time taken for a complete 
circuit is the same whatever the speed of the particle. 
Slow particles move in small circles and faster par- 
ticles in correspondingly larger circles. An electric 
field, applied periodically at the appropriate times, can 
thus be used to accelerate particles in a succession of 
many circles of increasing diameter, until the particles 
reach the required velocity and are channelled off to 
bombard a target. 

The energy that can be imparted to a particle in this 
way is limited owing to the slowing down of the par- 
ticle with its mcrease of mass at high (so-called rela- 
tivistic) velocities,* but this difficulty can be overcome 
by modifying the machine so that the frequency of the 
electric field decreases as the radius increases. A 
machine modified in this manner is known as a syn- 
chro-cyclotron. 


BASIC CONTROLS 
The control systems for the Cern synchro-cyclotron 


and its associated equipment were designed (2) for con- 
* Approaching the velocity of light. 
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tinuous control, remotely or locally, to indicate or re- 
cord important data and to reduce to a reasonable 
minimum hazards to equipment and personnel. 

The various control circuits are, in the main, simple 
and conventional. The start-stop circuits consist essen- 
tially of series-connected start and stop push-buttons, 
one or more interlock contacts and the coil of the con- 
trolled contactor. The ‘ position control’ circuits mostly 
use split-field electric motors or pneumatic motors con- 
trolled by electrically operated valves. 

Alarm systems form an important aspect of the con- 
trol. Whenever safe operation of an equipment requires 
that a certain condition be fulfilled, then it is arranged 
that there is a corresponding interlock which trips the 
equipment or prevents it from being switched on. The 
tripping of an equipment is followed by an alarm in the 
control room. (In certain cases, when the danger is 
* potential” rather than ‘ actual’, an alarm is given but 
the equipment is not tripped.) 

The main functions associated with a normal alarm 
are illustrated in Fig. 1. Preparations for switching on 
an equipment result in the interlock indication lights 
being extinguished as the corresponding interlocks are 
closed. When all are closed, an ‘ interlock sequence 
complete’ light indicates that the equipment can be 
started. If, after running normally for some time, the 
equipment develops a fault, the corresponding interlock 
will trip, the interlock light will flash rapidly, a buzzer 
alarm will be sounded, and a fault-location light will 
come on. The operator, realizing that a fault has 
occurred, can silence the buzzer, but the ‘ quick flash’ 
of the indicator light goes on, providing a clear but 
inoffensive fault indication that can remain until he has 
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logged the fault. He can then accept the fault by 
pressing an ‘accept’ button. The fault location light 
is extinguished and the quick flash of the interlock light 
changes to a steady indication. This remains until the 
interlock is correct again, when it changes to ‘slow 
flash’. Once the fault is cleared, operation of a reset 
changes the interlock indicator light from alarm back to 
simple position indication again. 

Additional push-button circuits are provided to per- 
mit a rapid test of all indicator lights. 

Most of the relays involved in these basic control 
circuits are of the 24-volt post-office type and are housed 
in easily changed plug-in units known as ‘ alarm sets’, 
‘common alarm blocks’, and ‘ lamp test units’. 

The total power being consumed is about 2500 kVA, 
supplied via Cern’s own sub-station at 18 kV. Whilst it 
is not practical to provide for complete emergency 
operation in the event of a mains failure, arrangements 
are made for an automatic switch-over to an emerg- 
ency supply for the vacuum system (it takes an hour to 
restore completely a lost vacuum of 5 x 10 mm Hg), 
for the lighting and for the 24 V d.c. supply for the 
control system itself. 

For personnel protection a system of warning lights 
is installed at several places to indicate varying degrees 
of danger. A few minutes before the high-frequency 
electric accelerating field and the ion source are started, 
the respective warning lights are lit and a buzzer (differ- 
ent from the alarm buzzer) sounds, calling attention to 
the need to take corresponding safety precautions. As an 
additional precaution, all doors leading into the machine 
room, the experimental rooms and the equipment rooms 
are provided with interlock switches, all of which have 
to be closed before the cyclotron can be made fully 
operational. 


LAYOUT 


As a matter of policy it was decided that, in a num- 
ber of instances, equipment would be fitted with local 
control cubicles and with a remote control system, 
but that starting should be possible from the local cubicle 
only. The main reason for this was that it is not simple 
to convey to a remote control room all information that 
would be available to an operator on the spot. Any 
attempt to do so would probably result in complicated 
displays on the control room panels that would be 
likely to confuse an operator needing to act quickly in 
an emergency. 

Considerable thought was given to the layout of the 
control room, the size and shape of the control desk, 
the control room racks, and in particular to the relative 
merits of combining the racks and desk in one unit. 
The result is illustrated by Fig. 2. 

Fig. 3 shows cables connecting the cyclotron and ex- 
perimental rooms to the control and counting rooms. 
Multicore cables connect the equipment to correspond- 
ing control cubicles and to the control room. The stan- 
dard cables are ten- and thirty-core, non-armoured 
p.v.c.-insulated, stranded copper conductors having 
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a cross-sectional area of 2.5 square millimetres. 

Junction boxes were used not only to increase the 
flexibility of the system, but to permit the larger part of 
the cabling to be completed before the associated equip- 
ment was delivered. There is a large central box under 
the control room, and other smaller ones located in the 
vicinity of the control cubicles. The central box is of the 
selection type, permitting a given equipment to be con- 
nected to any panel in the control room. 


PARTICULAR CONTROL SYSTEMS 
The following paragraphs give some details concern- 
ing various constituent systems of the synchro-cyclotron 
together with an outline of their associated controls. 


The ion source 

Basically the synchro-cyclotron is an accelerator. The 
particles to be accelerated are protons (hydrogen ions), 
and they are produced by an ion source situated at the 


































Fig. 2 Control room 


very centre of the machine. The source is of the Pen- 
ning type, and the protons are produced by passing 
hydrogen between two electrodes across which a high 
voltage is applied. The hydrogen atoms are ionized and 
the resulting protons constrained to move in circular 
paths by the magnetic field of the main cyclotron. They 
rapidly fall under the influence of the high-frequency 
electric field and start circulating in the machine. 

The electrodes of the ion source are mounted on a 
carriage, the position of which can be remotely 
adjusted, both perpendicularly and diametrically, by 
two special d.c. motors. These motors are situated in 
the main magnetic field, and are cross-coil devices in 
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Fig. 3 Cables connecting cyclotron and experimental rooms 
to control and counting rooms 


which the ratio of the currents in the two coils is varied 
by adjustments in the control room. The magnetic field 
resulting from these two currents reacts with the main 
cyclotron field to produce the required rotation of the 
armature. The basic scheme is illustrated in Fig. 4. 

In each of the two required co-ordinates, the position 
of the ion source is indicated by a bridge system formed 
by two Helipots as shown in Fig. 4, the one in the con- 
trol room being calibrated in terms of carriage position. 


Magnet supply 

The magnet producing the main magnetic field for 
the cyclotron consumes the larger part of the power sup- 
plied to the machine. This magnet (3) weighs 2500 tons, 
has a pole diameter of 5m, and an air gap of 45 cm. 
A flux of 19 Wb/m? is established by passing a current 
of about 1800 A through two 333-turn coils each having 
a resistance of 0°12. The total stored energy is about 
20 MJ. The current is obtained from a 500 V generator 
which is driven from a synchronous motor. The motor 
is started off load as an asynchronous device with a 
reduced voltage of 3-3 kV. After fifteen seconds a timing 
device switches on the full 6kV, and after a further 
three seconds the rotor is energized, thus synchronizing 
the set. Standard interlock circuits check instantaneous 
overcurrent, overload, short-circuits, earth faults and 
under-voltage. Additional interlocks are provided to 
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guard against overheating of the main bearings and of 
the stator windings of the motor and generator. 

To stabilize and control the magnet current (and 
hence the field) use is made of a precision resistor con- 
nected in series with the coils. The voltage developed 
across the resistor (200 mV + 0°1% at 2000 A) is com- 
pared with a neon-stabilized datum. The error voltage 
is chopped, amplified, and, with the aid of a phase- 
sensitive detector, used to control the exciter of the d.c. 
generator. 


Cooling system 

The energy dissipated in the magnet coils is conduc- 
ted away by water flowing through the centre of the 
electrical conductors. The cooling system is of a water / 
water heat-exchanger type. The secondary water flows 
in a closed system and is continuously degassed and 
demineralized. 

The control system is arranged so that the motor 
generator set will be cut out and an alarm given if: 
(a) the water in the header tank falls below a specified 
level, (b) the water flow through the magnet coils falls 
below normal, (c) the temperature of the cooling water 
on the outlet of either coil rises above normal. In 
addition, water circulating pumps will be cut and an 
alarm given if the flow rate rises above a specified 
maximum (e.g. because of a burst pipe). Finally, an 
alarm only will be given if: (a) the level in the header 
tank falls below another specified level, (b) a leak occurs 
in the coils or their connexions. 

A similar cooling system handles the h.f. oscillator, 
ion source and targets, and large magnets used to focus 
or deflect beams of particles external to the machine. 


Vacuum system 

To permit the required acceleration of the particles, 
the ion source and the space between the magnet pole 
faces is enclosed in a vacuum tank. This has a volume 
of about 24m‘. The initial evacuation is by three 
mechanical pumps, and the final stages with the aid of 
two diffusion pumps. 

Following the policy of siting control cubicles close 
to the equipment concerned, that for the vacuum sys- 
tem is in the machine room itself. It contains Pirani, 
Penning, and ionization gauges to measure the pressure 
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at various points of the system; and associated relays to 
interlock the diffusion pumps, the main valves, the h.f. 
system and the ion source. 


High-frequency system 

The oscillating electric field used to give the neces- 

sary accelerating kicks to the particles is developed 
across two hollow electrodes known as the ‘ dee’ and the 
‘dummy dee’. These are parallel to each other (about 
20 cm apart) and are placed across the diameter of the 
median plane of the pole faces. 
- The oscillator is of the grounded-grid type (4), the 
above-mentioned electrodes virtually forming the open 
end of a resonant transmission line. The whole system 
is supplied with stabilized a.c., and the controls incor- 
porate protection against various possible overload and 
short-circuit conditions. Interlocks are included to en- 
sure that the starting operations follow the required 
sequence. 

From an engineering point of view one of the most 
interesting features is the method used to produce the 
necessary frequency modulation. It was decided at an 
early stage that this would be produced by a variable 
capacitance, and two possible designs were considered. 
A study of the then-existing synchro-cyclotrons showed 
that the conventional solution used a rotating conden- 
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Fig. 5 Scheme of tuning fork 

and driving system. The drive is 

actually much smaller in relation 
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in the diagram 

ser, but as noted by Krienen (5), the design and produc- 
tion of a ‘tuning fork’ condenser seemed to present 
rather less formidable engineering problems. 

In the tuning fork condenser the moving electrode 
has a cross-section very similar to that of an ordinary 
tuning fork, except that the handle is transformed into 
a baseplate. Also the width of the prongs is consider- 
ably increased to form what can perhaps better be 
described. as vibrating blades. The other electrode takes 
the form of a wedge-shaped stator inserted between the 
blades. 

Various methods of exciting the necessary mechanical 
vibration are possible. The method adopted is shown 
in Fig. 5 and is attractive from two points of view. By 
use of a counter-balancing vibratory system the magni- 
tude of the exciting forces can be reduced to a mini- 
mum; and as the tuning fork and drive system can be 
suspended as a complete unit, the forces transmitted to 
other parts of the cyclotron are reduced to a minimum. 
The tuning fork frequency is 55c/s and the~auxiliary 
mass and spring are tuned to approximately this fre- 
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quency. The capacitance variation causes the h.f. to 
vary between 29 and 16°5 Mc/s. The modulator is ren- 
dered ineffective during the time in which the frequency 
is increasing as one needs only a decreasing frequency. 
(Also the high voltage is applied across the electrodes 
of the ion source only at the beginning of the duty 
cycle of the machine, i.e. at the moment when the 
frequency of the h.f. field is at a maximum.) 

A feedback loop is provided from the tuning fork 
motion to the amplifier feeding the drive system. Vari- 
ous transducers were tried, leading eventually to the 
existing system whereby light is projected on to the 
edge of the tuning fork, reflected, collimated and direc- 
ted on to a phototransistor. This system has the advan- 
tage that most of the essential parts are outside the 
vacuum tank, the light passing through a Perspex 
window. 


Targets 

The protons, once accelerated to the required high 
velocity, are used to bombard targets placed either in- 
side or outside the vacuum tank. 

If external targets are used, a device known as a 
magnetic channel deflects the protons so that they are 
ejected from the tank. 

Internal targets usually take one of several forms, as 
follows. (a) Probe target: facilities are provided for 
inserting this type of target manually into the vacuum 
tank and for subsequently positioning it radially (only). 
(b) Universal target: this can be controlled radially and 
azimuthally by circuits similar to those illustrated in 
Fig. 4. (c) Flip target: these occupy given positions in 
the vacuum tank. They have two stable rest positions: 
when not in use they lie flat, out of the path of the 
accelerated protons, and when required for use they 
can be flipped up to intersect the beam of particles. 
The control is delightfully simple as this operation is 
performed merely by passing a current through the coil 
attached to the target, the required deflecting force 
being produced by the interaction between this current 
and the main magnetic field of the cyclotron. 


EUROPEAN TEAM PRODUCES RESULTS 

Most aspects of the synchro-cyclotron are, in design 
and realization, products of European co-operation, and 
as such are a source of pride to the Cern staff. The 
Cern machine has already made one major contribution 
to nuclear physics by demonstrating that the pion, 
which normally decays into a muon and a neutrino 
does, in some instances, decay directly into an electron 
and a neutrino (6). 
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PART A 


ELECTRICAL TRANSDUCERS—? 





Radioactive materials are no longer costly 
curiosities. Radiation is becoming increas- 
ingly familiar in industry, and detection for 
control is powerfully aided by its use 









SINCE THE ADVENT OF THE NUCLEAR REACTOR THERE HAS 
been a great increase in the industrial uses of the radio- 
active isotopes produced in these reactors. It is now 
possible to obtain a large number of radioactive ele- 
ments with a very wide range of radiation energies, and 
this has stimulated an immense amount of research into 
and development of the industrial applications of radio- 
isotopes. The instrumentation and control industry has 
not been slow to embrace these new techniques, and 
there are many applications in this field which it is the 
purpose of this article to review. X-rays will be in- 
cluded in the discussion, being a forerunner and now a 
close partner of the nuclear radiations. 


RADIATION SOURCES 
X-rays 

These are penetrating electromagnetic radiations 
emitted from the electronic structure of an atom when 
an electron is removed from an inner shell of the struc- 
ture (usually the K or L shell). K or L electrons are 
usually removed by bombarding a suitable element with 
high-energy electrons. If the electrons’ energies are high 
enough to remove K electrons by collision, the result- 
ing X-radiation will possess a series of discrete energies 
or wavelengths (known as the K series) for that parti- 
cular target element. Similarly the removal of an L 
electron produces the L series. These series are char- 
acteristic of the target element and are known as 
* characteristic X-rays.” They have applications in chem- 
ical analysis, to be discussed later. 

In addition to the characteristic X-rays, a continu- 
Ous spectrum of X-rays is produced by the bombard- 
ing electrons. This is known as Bremsstrahlung (braking 
radiation) and is caused by deceleration of electrons in 
the electric field of the nucleus. The upper limit of 
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energy in the spectrum is governed by the energy of the 
bombarding electrons. 

X-rays produced by electronic bombardment are 
termed primary X-rays. Secondary X-rays can also be 
produced from the primaries, by exposing an element 
to primary X-radiations. This gives rise to X-ray fluores- 
cence, which has important applications in process ana- 
lysis. Here direct bombardment of a sample with elec- 
trons in vacuum can be, to say the least, inconvenient. 

Finally, both characteristic radiation and Bremsstrah- 
lung can be produced by bombarding a target with beta 
radiation (to be described later), either by irradiating a 
surface with beta particles or by mixing the beta-emit- 
ting isotope intimately with the target element. 


Radioactive isotopes 

A radioactive isotope is one the nuclei of which are 
unstable, and which go to a more stable form by 
emitting their excess energy in the form either of 
photons* of electromagnetic energy or of charged par- 
ticles. The law governing the decay of radioactive sub- 
stances with time is exponential. If the number of 
unstable nuclei at time t is N, then 

N = Ne -"693/T, 
where N, is the number at t = 0 and T,, is the half- 
life of the particular isotope. For most applications of 
radioisotopes a long half-life is desirable for accuracy 
and economy. 

The interaction of the emitted radiations with matter 
is of great importance, and observation of these inter- 
actions yields measurements of the physical properties 
of the material through which the radiation passes. 

Alpha Particles These are positively charged helium 
nuclei which are ejected from the heavier radioactive 


*A photon is a quantum of electromagnetic energy that behaves in 
some ways like a particle. 
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atoms, and which also occur after certain nuclear reac- 
tions with a few lighter elements. In passing through 
matter an alpha particle loses its energy by collisions 
with electrons, producing ions. An alpha particle is 
rarely deflected from its course, and for a given initial 
energy it will possess a well-defined range which varies 
inversely with the density of the medium in which it 
travels. The range of a 5 MeV alpha particle in air is 
about 1°5 inches, and in water about 1°5 X 10° inches. 
The alpha-particle energy is constant for~a given iso- 
tope. Because of the short range of alpha particles in 
solids, alpha sources are usually in the form of thin 
coatings on a base material, with the coating covered 
by a very thin window of, for example, mica, which 
allows the alpha particles to escape without danger of 
external contamination of objects by the radioactive 
material itself. Fig. 1 shows a typical construction for an 
alpha source. 


Beta Particles These are electrons emitted from the 
nuclei of an isotope which is radioactively decaying 
from an element of atomic number Z to one of Z + 1. 
Beta particles from a particular isotope possess a con- 
tinuous spectrum of energies up to a maximum which is 
characteristic of that isotope. Being charged, the beta 
particle interacts strongly with electrons of the medium 
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Fig. 1 Construction of alpha 
or beta source 
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through which it passes, losing its energy by ionization 
of the medium. Because it has smaller mass and charge 
than an alpha particle it is more penetrating, and also 
more easily scattered. The degree of penetration in a 
medium is often specified by means of the half-value 
thickness, which is the thickness of material required to 
halve the count rate in a detector relative to the count 
rate which existed before interposing the material be- 
tween source and detector. A typical beta-source con- 
struction would be similar to the alpha source of Fig. | 

Owing to a combination of circumstances the absorp- 
tion law for beta particles is approximately exponen- 
tial with distance in a broad region about the half- 
value thickness. If C, is the detector count rate with 
no absorber and C the count rate with a thickness x 
of material, then 


Fig. 2 Construction of neu- 
tron source 


C=Ce-- 


where » is the absorption coefficient, a function of the 
mean particle energy and the density of the-medium. 
For a given beta emitter, » is approximately propor- 
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tional to density p over a wide range of values, so that 
if » is written p»p the factor pm = »/p is known as the 
mass absorption coefficient, and is reasonably constant, 
over a wide range of materials, for a given beta emitter. 
Now px is the mass/area area presented by the absorber 
to the source, so that the attenuation of the radiation 
varies with thickness, for constant density; or with den- 
sity, for a constant thickness. This principle has im- 
portant applications in process instrumentation. 


Gamma Radiation This is of the same nature as 
X-rays, with the difference that it emanates from the 
nucleus instead of the electronic structure; gamma rays 
are usually, though not always, of higher photon ener- 
gies, with consequently greater penetrating properties. 
For a particular gamma-emitting isotope the photon 
energy is constant, and is characteristic of that isotope. 

In passing through matter, gamma radiation is ab- 
sorbed exponentially except for extreme thicknesses 
where scattering builds up. As with beta absorption, the 
absorption coefficient », for a constant gamma-photon 
energy, is proportional to the density, so that pm = p/p 
(the mass absorption coefficient), is reasonably constant 
for a wide range of materials. However, »,, for gamma 
radiation is very much less than that for beta radiation, 
so that gamma and beta radiation for measuring thick- 
ness and density cover different ends of the range of 
measurement required in industrial applications. 


Neutrons A neutron is an uncharged particle with 
approximately the mass of the proton. Neutrons can 
somewhat crudely be divided into ‘ fast” and ‘ thermal’ 
categories, according to their energy. Thermal neutrons 
are those which have attained thermal equilibrium with 
their surroundings, with a mean energy of 0°025 eV. 
Neutrons are absorbed by the nuclei of the absorbing 
material. The absorption reaction has the greatest pro- 
bality at low neutron energies, so that thermal neu- 
trons undergo these reactions far more easily than fast 
neutrons. 

Fast neutrons gradually lose their energy by elastic 
collisions with the nuclei of the absorbing material 
until they are thermalized. The lighter the nuclei of the 
scattering material, the greater is the fraction of energy 
lost in each of these collisions. Hydrogen in particular 
is very efficient for slowing down neutrons, because the 
mass of the nucleus is nearly that of the neutron. This 
property is used in the detection of hydrogenous media; 
for example, in moisture measurement. 

Neither natural nor artificial neutron-emitting isotopes 
exist, and laboratory sources use a nuclear reaction. 
These sources usually depend on the reaction of the 
beryllium-9 nucleus when bombarded by alpha par- 
ticles. Radium-beryllium is a neutron source of long 
half-life, but has high gamma background from the 
radium. When low gamma activity is required, polo- 
nium-beryllium sources are used, with the disadvantage 
of a short half-life of 130 days for the alpha-emitting 
polonium-210. Fig. 2 shows the type of construction 
useds for gamma and neutron sources. 
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Fig. 3 Track of an alpha particle going through an ionization 
chamber 
RADIATION DETECTORS 

X- and nuclear radiations are detected almost en- 
tirely by the ionizing effect in gases, the luminescent 
effects in solids and liquids, and the photosensitive 
effect in photographic emulsions. Gas ionization detec- 
tors include d.c. ionization chambers, pulse propor- 
tional counters and Geiger counters. Luminescent detec- 
tion is carried out by the scintillation counter, and 
photographic detection by means of emulsions produced 
specially for the purpose. Taylor and Sharpe (/) have 
presented a detailed review of detection techniques. 


lonization chambers 


These depend on the ionization produced in the gas 
of the chamber by the passage of a charged particle, 
which ionizes a large number of gas molecules in its 
path. The electrons and positive ions so produced in 
the gas are collected by electrodes which are main- 
tained at a potential difference of some hundreds of 
volts. The resultant current in the external circuit is 
proportional to the number of ion pairs produced per 
second, which in turn is proportional to the intensity 
of radiation. Fig. 3 shows schematically the mechanism 
of current production when an alpha particle traverses 
the gas. Alpha and beta particles are admitted to the 
chamber through thin windows which absorb little 
energy, and these particles ionize the gas directly. 
Gamma radiation produces secondary electrons in the 
chamber walls, and these ionize the gas. 


Proportional counters 

A proportional counter is a gas-filled cylindrical 
chamber where the anode takes the form of a thin wire 
along the axis of the cylinder. The cylinder wall forms 
the cathode. When a high p.d. of perhaps a few thou- 
sand volts is applied between anode and cathode, the 
electric field near the surface of the anode is extremely 
high, so that electrons produced by the primary ioniz- 
ing event are accelerated to such an extent that they 
cause further ionization by collision. The resulting burst 
of ionization causes an external pulse of current the 
amplitude of which is proportional to the primary ioniz- 
ation. The output pulses are fed to a scaler or «ate- 
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meter, the pulse rate being a measure of radiation 
intensity. 


Geiger counters 


These are very similar to proportional counters in 
their principle of construction, but the gas pressure 
and field strength are adjusted so that complete break- 
down of the gas occurs for every primary ionizing 
event. The pulse of ionization produced by the primary 
particle is multiplied up to a constant level which is 
independent of the energy dissipated by the particle in 
the gas. The resultant current-pulse is very high, and 
can produce an external voltage-pulse sufficiently large 
to operate electronic counting equipment directly with- 
out amplification. This simplification is one of the prin- 
cipal attractions of the Geiger counter. Unfortunately, 
the counter cannot respond to a further ionizing event 
for a long time afterwards (some hundreds of micro- 
seconds). This is called the dead time of the counter, 
and sets a limit to the maximum counting rate. The 
dead time is the chief disadvantage of the Geiger coun- 
ter, and because of this it is not used where an accur- 
ately known high counting rate is required. 


Scintillation counters 


These consist basically of a luminescent phosphor 
and a photomultiplier tube. The phosphor is a trans- 
parent solid, usually a natural crystal. Typical phos- 
phors are sodium iodide crystals, particularly valuable 
for gamma detection and energy resolution, and organic 
crystals such as anthracene. Plastic phosphors are also 
used. A charged particle traversing the phosphor pro- 
duces a flash of light the intensity of which is propor- 
tional to the energy lost by the particle. One of the 
principal advantages of the scintillation counter is that, 
with a solid detecting medium, the gamma-radiation 
detection-efficiency can approach 100%, instead of about 
1% as with gas ionization devices. By using suitable 
phosphors the scintillation counter can also detect fast 
or slow neutrons. 

The photomultiplier is a device for converting the 
light pulse to a current pulse. It consists of a photo- 
cathode and a cascaded series of electron multipliers. 
Light from the phosphor falls on the photo-cathode, 
which is a coating of a material with a low work-func- 
tion, such as an antimony-caesium compound. Elec- 


Fig. 4 Scintillation counter 
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trons are emitted from the cathode by the action of the 
light, and these electrons are then multiplied by several 
stages of electron multiplication. The resultant voltage- 
pulse in the collector is proportional to the intensity of 
the light flash. Fig. 4 shows the components of a typi- 
cal scintillation counter. 

In many industrial applications the scintillation coun- 
ter is operated on a direct current basis—here the pulses 
are integrated in the collector so that the collector dir- 
ect current is proportional to the mean energy per ioniz- 
ing event and to the count rate of the events. This pro- 
vides a d.c. signal suitable for control purposes. 


Photographic emulsions 


In the present context, these are chiefly detectors for 
X- and gamma-radiography. They are similar to normal 
photographic emulsions containing silver bromide, 
grains of silver being formed along the ionized tracks 
in the emulsion. For nuclear work the silver bromide 
content is generally higher, and grain size smaller, than 
is used for optical work. The density of blackening of 
the film is proportional to the incident radiation, and 
differing amounts of radiation intensity over the area 
of the film will show up as a distribution of optical 
density. For radiography the films are backed with thin 
lead sheets in which secondary electrons are produced 
by X- and gamma-radiation, thus increasing the overall 
sensitivity. 


Statistical errors 


All nuclear radiation measurements are discontinuous 
in nature, involving the detection of discrete random 
events. In any system which detects a number n of ran- 
dom events in a given time interval, there is a likelihood 
than n will differ from the number n, that should be 
counted in the same interval by calculation from the 
true mean rate (which can be derived by counting over 
a very long time interval). The root mean square of 
this difference [(n — n,)*]*, is known as the standard 
deviation for that measurement, and is a measure of 
the probability that the measurement lies within certain 
limits of the true value. It can be shown that [(n — no)*]* 
= Vn» and thus the percentage standard deviation is 
100/\/mo and there is little loss of accuracy in putting 
this as 100/\/n. Thus for the percentage standard de- 
viation to be less than 1% for a given count, the total 
count n should exceed 10‘. 

When the radiation transducer presents a direct cur- 
rent output, such as that from an ionization chamber 
or a ratemeter, the current is a measure of the mean rate 
of events, and will fluctuate with the instantaneous de- 
viations from the mean rate. The magnitude of these 
fluctuations, which act in the same way as random 
noise in the system, can be reduced by increasing the 
radiation intensity or the time constant of the trans- 
ducer, which sets the effective time over which the events 
are integrated. 

For fast-acting transducers such as are required in 
control applications, a compromise has usually to be 
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Fig. 5 Measuring thickness a. transmission b. backscatter 


reached between the noise amplitude and the time 
constant. 

MEASUREMENT OF PHYSICAL PARAMETERS 
Thickness gauging and control 

The production of materials in strip form is an im- 
portant industrial process, ranging from steel strip manu- 
facture to papermaking. Accurate control of thickness 
is important from the point of view of the quality of the 
product and economy of material. Thickness measure- 
ment is therefore vital, and radiation techniques have 
been particularly successful in this sphere (2). Mechani- 
cal-contact gauges are satisfactory for many purposes, 
but often the nature of the material or the conditions 
of the production process are such that a non-contact 
method is necessary. 

Beta and gamma gauges use two alternative prin- 
ciples. The transmission method (Fig. 5a) measures the 
absorption of the radiation passing through the material, 
the absorption being a function of the mass per unit 
area. The reflexion or back-scatter method (Fig. 5b) 
depends on the fact that, for thicknesses not too great 
compared with the half-value thickness, the amount of 
radiation scattered back from the surface of the mater- 
ial is proportional to the mean atomic number and the 
mass per unit area. This method is used when only one 
side of the material is accessible. 

Beta sources with sufficiently long half-lives for these 
applications have an energy range from ‘22 MeV to 
3-5 MeV. For reasonable accuracy of measurement, 
using practicable source strength and detector time- 
consiants of the order of seconds, this corresponds to a 
range of mass per unit area from about 1 mg/cm? to 


TABLE 1 
HALF E MAX HALP 
ISOTOPE LIFE (MeV) THICKNESS 
(mg/cm?) 
Ruthenium-106—Rhodium-106 ly 3°5 270 
Cerium-144—Praseodymium-144 285d 3-12 220 
Strontium-90-Y ttrium-90 28 y 2-24 160 
Thallium-204 4y ‘77 35 
Krypton-85 10-6 y ‘67 25 
Promethium-147 26y 223 4-5 


1500 mg/cm?, e.g. ‘15 X 10~* to -22 inches thickness 
of aluminium. Table 1 lists the properties of a number 
of beta-emitting isotopes which are used in thickness 
gauges. 


References : 


1. Taylor, D., and Sharpe, J.; ‘ Nuclear Particle and Radiation Detectors,’ 
Proc. 1.E.E., Pt. U, 1951, 98 (April), pp. 174, 209 


2. Putman, J. L.: * Developments in Thickness Gauges and Allied Instru- 


ments,’ Proc. Int. Conf. Peaceful Uses Atomic Energy, 1955, 15, p. 119 
To be continued 





WW 








In last month's issue Michael S. John reviewed the 


British contribution to the 6th European Machine Tool 


Exhibition. Here the European showing is described 


CONTINENTAL 
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THE INTRODUCTION OF AUTOMATION REQUIRES GENERALLY, 
and to a varying extent, the use of some form of pro- 
gramme control. Equipment for this purpose was shown 
in many applications by Continental firms to a large 
variety of machine tools. Most exhibits, however, indi- 
cated a trend towards consolidating existing principles 
and systems rather than to radically new developments 
and ideas. 


Making holes 

The most interesting part of the jig boring, milling, 
drilling, reaming and tapping machine exhibited by the 
French firm of G.S.P. (Courbevoie), (Fig. 1), is the stor- 





Fig. 1 G.S.P. machine for jig boring, milling, drilling, reaming 
and tapping 


age, handling, locating and clamping or releasing of 
the milling and drilling tools. Two revolving tool car- 
riers, a for milling cutters and b for drills, are provided 
on either side-of the spindle head c. The tool required for 
a particular operation is swung into the bottom posi- 
tion, a, or b,, and an arm d or e takes the tool from 
the tool carrier and swings it to the spindle nose. The 
operation, which makes possible the use of a variety 
of tools, is initiated by depressing a foot pedal. Pro- 
gramme control by means of a punched strip of stan- 
dard 35mm film is also provided, the required table 
positions being defined by a five-digit code. 

Another method of bringing into operation different 
tools for drilling and boring is used in the Heller drill- 
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ing machine, in which a turrent head is swung into the 
required working position by means of an indexing 
unit. The turret head is so designed that only the spindle 
which is in the working position is connected to the 
drive. The positioning of the workpiece can be con- 
trolled by: a. trip dogs on the table and cross slide, 
b. pre-selection of the various table positions on a con- 
trol panel and c. punched tape. The actual drilling- 
operation spindle settings (indexing of turret head, pre- 
selection of corresponding spindle speeds and feeds and 
—in the case of tapping—direction of spindle rotation) 
are controlled from a panel (Fig. 2) on which one of 
six signal lamps (1-6) indicate which spindle is in the 
working position. 

Raboma (Berlin) showed pre-selection of speed and 
feeds by means of hydraulically operated speed-change 
gears. Valves are pre-set in accordance with the re- 
quired speed and feed values. These valves control 
hydraulic pistons which move sliding gears into the 
required positions. 


Making contours 


Copy-machining by means of a template or a master 
is still gaining ground. The Heid lathe (Fig. 3) is not 
only equipped with hydraulic tracer control of the cross 
slide, but also with an additional overhead plunge-form- 
ing and facing slide. The feed movement of the latter 
can be included in a programmed work cycle. 

An interesting development is the Heyligenstaedt 
lathe (Fig. 4) which is particularly suited for machining 
simultaneously two sides of a component, with small 
wall thickness. Two tool slides a, and a, with copying 


Fig. 2 Control 
panel for Heller 
drilling machine 
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Fig. 3 The Austrian Heid copying lathe 
devices are provided, one on either side of the work- 
piece carrying frame b, which contains also the rotary 
drive for the workpiece. The driving gear is housed in 
upright d. When the machine is started the following 
controlled cycle of operations is carried out: — The 
turning tools are traversed against the workpiece, the 
profile turned in accordance with the templates c and 
the tool slides withdrawn after completion of the opera- 
tion. 

The chuck is driven by a variable speed d.c. motor 
which forms part of a Ward Leonard set so that not 
only can surfacing operations be carried out at constant 
cutting velocity, but also the direction of chuck rota- 
tion can be reversed if the tool passes the centre line 
of the workpiece. 

In the V.D.F. Unicop lathe complete cycle control has 
been combined with electro-hydraulic copying. Both 
the longitudinal and the cross-feed movement are 
hydraulically operated and controlled in the forward and 
reverse direction by an electronic tracer device (Fig. 5). 
The sensitivity of the electronic control is such that the 



































Fig 4. Twin copy-turning machine 
valves are operated by tracer movements as small as 
00001 in. Their response time is in the order of 0°06 
seconds. As the valves operate with clearances of about 
0-0003 in., special filters are employed in order to ensure 
consistency of operation. 

The machine is also equipped with a three-position 
turrent head so that different tools can be brought into 
Operation as and when required. Speed and feed changes 
are automatically controlled. The programme is deter- 
mined by plugs which are inserted into a normally 






CONTROL November 1959 





Fig. 5 Unicop copying system: 

control unit, 3—electro-magnetically operated hydraulic 

valves, 4—hydraulic cylinder for cross traverse, 5—cylinder 
for longitudinal traverse 


l—tracer, 2—electronic 


covered socket panel on the headstock, and the fol- 
lowing functions can be obtained: four feed directions 
(forward cross traverse, return cross traverse, forward 
longitudinal traverse, return longitudinal traverse); three 
feed rates each, for cross and longitudinal traverse; 
three spindle speeds; three template positions (triple 
template holder at the back of the machine); three tur- 
ret positions; direction of copying; indexing of pro- 
gramme channels; and stopping. 

The signals for timing the control impulses in accord- 
ance with the programmed sequence are given by trip 
dogs in channels which are successively scanned. 

A complete cycle control for three-dimensional mill- 
ing was shown on the Fritz Werner milling machine. 
The programme is determined by trip dogs on the mov- 
ing slides (table, cross slide and knee) and by move- 
ment selector keys on a control panel. The control 
panel (Fig.6) carries push buttons in twenty vertical 
rows (1-20), indicating twenty changes for each opera- 
tion. Fifteen horizontal rows (1 to 15) vertically down- 
wards of push buttons are provided. 


Grinders 

Some interesting control devices were applied to 
grinding machines. On the Fortuna machine the grind- 
ing of hub diameter and face of a bevel gear were 
demonstrated. For this purpose the machine was 
equipped with a special wheel-head which allowed the 
grinding wheel to swivel through an angle of 30°. Auto- 




















Fig. 6 Control panel for Fritz Werner milling machine. Row 
1 selects spindle rotation, 2-13 select feeds and rapid tra- 
verse, 14 interrupts programme wherever desired, and 15 
selects end of programme. Windows 1-20 light up when the 
corresponding step is demanded 
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Fig. 7 Fortuna polygon-grinding machine 


matic unloading and reloading of the workpieces take 
place as soon as the operation is completed. The work- 
ing cycle of the machine is automatically interrupted 
and a warning light switched on if workpieces are badly 
pre-machined, or the flow of material is interrupted, or 
the grinding wheel excessively worn, etc. The finished 
dimensions are measured by an electronic Finitor mea- 
suring head, which controls the hydraulic infeed of the 
grinding wheel. In the polygon grinding machine by 
the same firm the grinding spindle axis can be moved 
along an adjustable elliptical path in order to produce 
rotating workpieces of polygon sections (Fig. 7). The 
grinding wheel 1 on spindle 2 is located in a horizon- 
tally movable carrier 3 in which a bearing block 4 can 
move vertically. Eccentric 5 of infinitely variable eccen- 
tricity controls directly the horizontal movement and 
over an adjustable lever 6 the vertical movement. The 
shape of the ground section of the workpiece depends 
then on the ratio between its own speed of rotation and 
that of the eccentric, which can be varied by means of 
gear drive 7. Motor 8, which drives the eccentric, is 
electrically synchronized with the workpiece drive. 
Motor 9 drives the grinding wheel. 

On the automatic centreless Lidképing grinding 
machine, automatic feeding, grinding, sizing and trans- 
porting of an injection needle was demonstrated. The 
following programme was carried out (Fig. 8) : 

1. The first needle blank I is fed through channel a 

into tray e; 

2. Tray e moves the first needle I in front of the 

grinding gap; 

3. A hydraulically operated loading arm pushes the 

first needle I on to the work blade r and the grinding 

wheels are moved into their working position, adjust- 
able wheel S grinding the shoulder. Tray e is moved 
back to receive the next needle IT; 

4. The grinding wheels are withdrawn, so that the 

loading arm can pull the finished needle I back into 

the sizing groove of tray e; 

5. Tray e moves needle I between sizing plates T, 

which transmit the measurement to electro-pneumatic 

relays. These produce impulses which adjust or stop 
the machine if required. At the same time a new 
needle II is brought in front of the grinding gap 





from where the loading arm pushes it on to the work 
blade r; 

6. Tray e goes back so that the finished needle, if 
passed by the sizing device, can be ejected into the 
unloading channel b and a new needle III is fed on 
to the tray; 

7. Needle I is ejected into unloading channel b, 
needle II is brought into the sizing groove of tray 
e and needle III in front of the grinding gap. 

The needles are ground to a diametrical accuracy 
of at least 0°0002 in. 


Fig. 8 Automatic centreless grinding of diesel injection 
needle 
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The problem of choosing a hydraulic 
fluid for a power transmission system 
can be a complex one, and it is the 
object of these notes to give some in- 
dication of the parameters involved in 
making this choice. 

At present the hydraulic fluid used 
in a system is usually that recommen- 
ded by the manufacturer of the sys- 
tem’s pumping unit, and in many in- 
stances this is perfectly satisfactory. 
However, pump manufacturers’ re- 
commendations appear to be based on 
viscosity and wear only, but in many 
instances, the system designer must 
consider other parameters. 

The more important characteristics 
of hydraulic fluids are discussed in the 
following sections. 


Viscosity 

Viscosity is the resistance of a fluid 
to flow, and is therefore most impor- 
tant. The majority of hydraulic fluids 
are Newtonian, i.e. the shear force 
between two adjacent layers of the 
fluid is proportional to their rate of 
shear. In determining the viscosity of 
the fluid to be used in a system the 
following points should be borne in 
mind. 

(a) The power required to maintain a 
given volumetric flowrate through 
a system increases as the viscosity 
of the fluid increases. 

(b) The volumetric efficiency of a 
pump increases (until cavitation 
occurs) as the viscosity of the 
fluid increases due to decreasing 
internal leakage. 

(c) The viscosity of the fluid increases 
significantly with pressure in- 
creases above 3000 lb/in?. 
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(d) In general lubricity of the fluid is 
better as the viscosity increases. 

(e) The onset of turbulent flow in a 
given tube occurs at a higher 
velocity as the viscosity increases. 


Viscosity index 

This is an indication of the change 
of viscosity of the fluid with change 
of temperature. It is a purely relative 
number which enables various fluids 
to be compared with each other. The 
higher the viscosity index of a fluid, 
the smaller is its viscosity change for 
a given temperature change. 

The viscosity index of the hy- 
draulic fluid only becomes significant 
when the operating temperature of a 
system can vary over a wide range. 
It is relatively unimportant when a 
system is such that after a short period 
of warming-up a steady operating 
temperature, not fully dependent on 
ambient temperature, is reached and 
there are no critically viscosity sensi- 
tive components such as dashpots in 
the system. 

A viscosity index of not less than 
90 is satisfactory for the majority of 
hydraulic systems. 


Pour point 

This is the temperature below which 
the fluid will not flow readily and 
gives an indication of the lowest tem- 
perature at which a system can be 
started-up. The pour points of most 
mineral hydraulic oils is of the order 
of 20°F (—6°C). If starting tempera- 
tures are likely to fall below this 
figure it is usual to provide a tank 
immérsion heater to aid priming the 
system before start-up and to shorten 






the warming-up period. 


Specific gravity 

This characteristic is normally of 
little importance in choosing an hy- 
draulic fluid but its value must be 
known if system losses and orifice 
characteristics are to be calculated. 
This incidentally is a major reason for 
determining the hydraulic fluid to be 
used in a system before detail design 
is started. 


Flash point 

The flash point is the temperature 
at which the vapour at the surface 
of the fluid will ignite when brought 
into contact with a flame. This char- 
acteristic is usually only of importance 
when the system is working in a high 
temperature environment. Fire resis- 
tant fluids are now obtainable and 
some of these are shown in the table. 


Bulk modulus 

This is the resistance to compression 
offered by the hydraulic fluid and is 
expressed as 
P, — P, 


(V, - V.)/V, 

Mineral oils at normal temperatures 
(up to 100°F) have a bulk modulus 
of the order of 3 X 10°5lb/in?. The 
exact value is only normally of inter- 
est to the servo designer in computing 
the dynamic characteristics of a sys- 
tem. It should be noted here that in 
calculating the effective bulk modulus 
(or compressibility) of a fluid the com- 
pliance of the system’s tubing (both 
rigid and flexible) and of any accu- 
mulators therein must be taken into 
account. 


M, 
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Company Grade 


Mobil DTE Light 

Mobil DTE Medium 

Mobil DTE Heavy 
Tick 90! Medium 


Mobil DTE Heavy 


r Vaughan Evco Light 

Co. Ltd. Evco Medium 
Evco Heavy 
Houghto-Safe 271 


Houghto-Safe 1120 


Tick 903 


Shell-Mex and Shell Tellus 27 


B.P. Ltd. 
Tick 904 Shell Tellus 29 


Emulsion characteristics (foaming) 

The tendency of hydraulic fluids to 
retain free air in suspension is of great 
importance as this effectively reduces 
the bulk modulus of the fluid and 
hence the rigidity of the system and 
also increases the required reservoir 
size in order to give increased settling- 
out time. As various methods of de- 
termining foaming characteristics are 
in use it is difficult to find some means 
of comparing the results obtained. 
However, many hydraulic fluids do 
contain a foam inhibitor. 


Resistance to oxidation 

This is a most important factor if 
the fluid and the system in which it is 
used is to have an economic life. 

There are two major forms of oxida- 

tion products in oil: 

(a) Soluble products which cause a 
slight darkening of the oil and 
which are turned into insoluble 
products (called varnishes) on 
contact with hot surfaces. These 
insoluble products then either 
coat the surfaces at which they 
are formed in a hard film (stain) 
or remain in suspension in the 
oil. 

(b) Other insoluble forms which sep- 
arate out and form sludges. 

The rate of oxidation increases both 

with increase in temperature and in- 

crease in contamination. It should also 

be noted that some of the products of 

oxidation, being acid, are corrosive. 
It is obvious therefore that a fluid 
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Saybolt Sec 
130°F 


84-5 


Mineral 116 


144 


* 210°F 


Remarks 


Contains oxidation and rust 
inhibitors. 

The light and medium oils have 
passed the A.S.T.M. rust 
test with distilled water. 

The heavy medium and heavy 
oils have passed the test with 
both salt and distilled water. 


43-4 103 
48-5 100 
52°8 97 





Paraf- 
finic 


All these contain rust and 
oxidation inhibitors and are 
foam resistant 





0-875 


Mineral 0-878 


| 0-878 


Phosphate 


Ester 


+The viscosity is in Redwood 
No. 1 seconds and the columns 
are for 70, 100 and 140°F 
respectively. 

Houghto-Safe 271 and 1120 
are fire-resistant oils. 


*A.S.T.M. oxidation 
test —1500 h + 





Mineral 0-870 
M.netal 0-873 


should be chosen which has a low 
rate of oxidation and that this 
becomes more important in systems 
which are extremely sensitive to sus- 
pended solids. A good hydraulic oil 
for use in systems of this nature should 
be able to survive the revelant ASTM 
test for 1000h without exceeding a 
neutralization number of 2:0. How- 
ever by reducing to a minimum the 
oil temperature and air mixing rate in 
a system and by ensuring a really 
clean system, it is often possible to 
use an oil whose oxidation character- 
istics are not as good as would be 
indicated by the test result quoted 
above. Most hydraulic oils now used 
contain an antioxidant. 


Resistance to rusting 

Rusting, as opposed to corrosion 
caused by oxidation products, is a re- 
sult of moisture in the fluid entrained 
when condensation occurs in the sys- 
tem. Rust inhibitors are included in 
most fluids and are believed to adsorb 
onto the metallic surfaces thus form- 
ing a protective film. 


Fire resistant fluids 

A wide range of fire resistant fluids 
is now becoming available, although 
it has not been possible to include 


-more than two specific fluids of this 


type in the table. 

These fluids in general can be classi- 
fied as either aqueous based or phos- 
phate ester based. Those having an 


Fully inhibited. Contain an 
anti-foam additive 


+The viscosity is in Redwood No. 
1 seconds and the columns 
are for 100, 140 and 200°F. 
This oil will shortly be available 
under a ‘Shell’ branding. 


aqueous base are generally less expen- 
sive and whilst corrosion problems in 
such fluids have been largely over- 
come their lubricating properties are 
not of a high order. This restricts their 
application to systems in which the 
bearing forces between sliding mem- 
bers are not high. Vapour pressure 
and forcing can also be troublesome 
with these fluids although these can, 
of course, be minimized by careful 
system design. Phosphate ester based 
fluids, although more expensive, have, 
in the majority of cases better lubri- 
cating properties and higher operating 
temperature limits. Many of them are, 
however, toxic to some degree, and are 
also reasonably good organic solvents. 
This last characteristic is particularly 
troublesome in systems including 
‘wet’ solenoids where solvent proper- 
ties of the fluid could well cause an 
electrical short circuit by damaging 
the installation. Generally speaking it 
is not practical to use these fluids in 
existing systems unless one is prepared 
to change many or all of the seals 
(incompatability of seal compounds), 
remove all internal paint and varnish 
finishes (these could he damaged and 
a sludge formed) ang in the case of 
a toxic fluid ensure that all dangerous 
drain leakages or vapour channels 
(open tanks) are eliminated. 


However in a properly designed 
system these fluids can be used to 
obviate fire risk which might well pre- 
clude the use of a hydraulic system. 
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In this data sheet the procedures 1-0 
for using the Nyquist diagram for 
parallel compensation and for 












multi-loop system loci are outlined. Oo” 7. 
: os iS 
For a system with an open loop 
transfer function @,/9 = KG(jw) R 
the closed-loop transfer functions on 
are 
0, KG(jw) , 
— = —____.... (1) 
6, 1+ KG(jo) - 
0 1 
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6: 
- = 1+ KG(jo) .-» (4) 






The Nyquist locus corresponding 
to Eq. (4) is easily obtained by 
shifting the origin of the KG(jw) 
locus to the point —1 (Fig. 1). 
Eq. (3) involves the reciprocal of 
the open loop locus and a similar 
origin shift. At any one frequency 
KG(jw)= Re)? so that [KG(jo)}?* = 
e-1¢/R. Hence the inverse locus is 
obtained by taking reciprocal 
values of open loop vector magni- 
tudes and reflecting corresponding 
phase angles, the procedure being 
illustrated in Fig. 1 for a specific 
frequency w,. The phase margin is 
Fig. 1 Inverse loci ‘ the angular inclination of unit vec- 
tor, measured clockwise from the 
negative real axis. 









Inverse M and N circles 

From Eg. (3) writing (4, /,)| = 
M, = 1/M, at any one frequency 
M ,?=(x+1)?+ y? yielding the equa- 
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Fig. 3 Inverse locus 
and inverse M 
circles 


tion to the family of inverse out- 
put/input M circles. These have a 
common centre at (—1 + jO0) and 
radius R=1/M and are thus easier 
to construct than direct M circles. 
Fig. 2 is included to facilitate draw- 
ing the inverse circles. For the cor- 
responding N circles, where N 
tan ¢, @ = tany/(x+1) from Eq. 
(3). Hence y (x+ I)tang. Trans- 
ferring the origin to the —1 point 
gives y=Nx’ showing that the con- 
stant N loci are radial lines centred 
on the —1 point. 


Location of resonance peak, resonance 

frequency and gain adjustment 

The G(jw)' locus is plotted, a 
line OA is drawn inclined at ¢ = 
sin-'(1/M), where M is an assigned 
value and the 1/M circle tangential 
to this line and the G(jw) locus is 
drawn. The length OC (Fig. 3) 
gives a direct measure of the cor- 
rect gain for this M value and the 
intersection of the KG(jw) locus 
with the M circle gives the reson- 
ance frequency w,. The diagram is 
drawn for a commonly assigned M 
value of 1-3, giving @ = 50°2°, see 
(/). Gain is now adjusted with re- 
ference to the original system gain. 


Mul:i-loop systems and faraliel com- 
pensation procedures 
The transfer functions for the 
multi-loop system of Fig. 4 are 


6, KG(jo) 
nnn 5) 
6, 1+ KG(Qjo)Ar(Qo) 
[KG(jo)] : T AF(jo) ese (6) 
and 
6. KG(jo) 
sapirpatoestanve out 


@ 1+KG(o)AFGo)—1] 
0 , : 
oll [KG(jo)] 1 AF(jo)—1 Ses (8) 


Note that the error @ has no direct 
physical significance and no longer 
equals 6, — 6,. Eq. (6) and (8) are 
the inverse functions, and are im- 
portant as they include AF(jw) ex- 
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| circte tor M=1-3 
a 


plicitly. Eq. (6) is the simpler to 
plot, Eq. (8) being obtainable from 
it if desired by shifting the origin 
to the —1 point. Assessment of 
compensation methods is carried 
out on the locus of Eq. 6. The ele- 
ment of transfer function AF(jw) 
may be active or passive; in the 
latter no inherent feedback will be 
present. Fig. 5 shows how the 
@,/@; locus is constructed when a 
system is to be phase compensated 
by using the network shown in the 
feedback loop; the phase lag pro- 
perties of this network appear as 
phase advance when used in this 


New origin 






way. The KG(jw) and AF(jw) loci 
are drawn, the KG(jw) locus ob- 
tained as a reciprocal plot and 
finally the AF(j#) locus is added 
vectorially. This is shown for a spe- 
cific frequency w,. Hence OA’ = 
1/OA and OC=OA’+OB. A sec- 
tion of the complete locus is 
shown. Inverse M circles and gain 
adjustment procedures can now be 
used, and the effects of changes of 
compensation network parameters 





Fig. 4 Multi-loop system 
assessed by drawing sections of 
these for the frequency range of 
interest, and constructing the resul- 
tant locus. More complex series 
parallel systems can be investigated 
by successive application of these 
techniques for compounding series 
and parallel forms of loci. 
Reference : 

1. Meadows, N. G.: ‘ Data Sheet 13. 


Graphical techniques for control sys- 
tems—2 ’ Control, 1959, 15, p 109 


Fig. 5 Parallel compensation. The 
semi-circle represents the locus of 
AF(jw) 


Section of locus of 
KG(jw)' + AP(jw) 
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..- to POSITION 


Automatic measurement at E.1.D. 


An experimental automatic coordinate 
measuring machine has been developed 
by the Electrical Inspection Directorate. 
It is designed for the automatic measure- 
ment of simple objects which are too 
costly to programme on the E.I.D.’s tape 
controlled machine. The photograph 
shows the experimental layout, but a 
prototype is being built and will be 
ready sometime in the new year. 


Operation 

The machine consists of a measuring 
head mounted on a small carriage to 
which is also attached a photocell sensing 
element. The carriage is traversed longi- 
tudinally with little friction in the X-axis 
by a leadscrew driven by two motors, 
one motor driving at 8in/min and the 
other driving through a gear at 4 in/min. 
The photocell sensing element comprises 
a lens and four photo-transistors equally 
spaced above the diffraction grating 
which is fitted along the length of the 
slide. These transistors produce signals as 
the light reaches them through a moiré 
fringe pattern, four separate signals being 
produced for each of the 2500 lines/in. 
of the grating. These signals are passed 
to a decimal counter which is made up 
of five visible Decatron counter tubes in 
line as a decimal display, and recording 
in 0-0001 in. up to 9-9999 in. The maxi- 
mum counting rate of the counter being 
1250 lines/sec, i.e. 4in/sec. The speed 
at which the counter works, i.e. 8 in/min. 
being well within this maximum speed. 

Quadrature waveforms from the photo- 
cell sensing elements are passed to the 
photocell amplifier and then to the squar- 
ing, pulse forming and gating circuits, 
which produce pulses in correct relation- 
ship to operate the Decatron counter 
tubes, adding or subtracting according to 
the direction of travel of the measuring 
head and carriage. Two separate monitor 
and check tubes on the counter enable 
these signals to be continuously moni- 
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technical management, plant and production engineers, chemical en- 


tored for phase relationship and accuracy 
respectively during operation. 

Tappings are taken from each cathode 
of the Decatron tubes to five banks of 
five switches, a 6-way uniselector select- 
ing the bank of switches required. The 
measurement information from _ the 
selected switch bank is passed by the 
uniselector through a transistor gate to 
a relay system which controls the fast 
and slow motors. 


Programming 

With this arrangement it is possible 
to pre-set a programme of five move- 
ments from 0 to 9-9999in., in 0-0001 in. 
increments. The machine will then com- 
plete this programme automatically, or 
any continuous programme obtained by 
continuously re-setting the dials whilst 
the machine is operating to provide an 
unlimited number of movements. The 
present dimensional limit of 0 to 9°9999 
in. can be extended to any desired length 
by adding Decatron tubes and the neces- 
sary switching gear. The length of the 
diffraction grating in the present equip- 
ment is 30 in. but any desired length can 
be obtained. 

It is found that the measuring accuracy 


gineers, etc., who are not specialized in instrument and control systems 


in the one plane is the product of the 
functioning time of the relay gating 
system associated with the Decatron 
counters, and the overshoot time taken 
up in the momentum of the motors. This 
error in time totals 12 msec, and is made 
up of 8 msec relay functioning time and 
4msec overshoot time, the error being 
0-0001 in. 

Given a correctly arranged programme 
of coordinate dimensions it will be pos- 
sible to arrange almost unlimited mea- 
suring programmes in the X, Y and Z- 
axes, the programme being set by merely 
pre-setting the dials to the measurements 
required and setting the time switches 
to allow the movements to take place. 
The measuring head itself is coupled to 
the standard indicator and _ recorder 
thereby enabling all dimensions measured 
to be recorded on the charts. 


-.-to SPEED 


Eddy current control 


A new speed regulator employing eddy 
currents for control can be used in a 
variety of ways—as a coupling, a clutch, 
a torque limiter or controller; and can 


The experimental set-up at the Bromley E.1.D. 
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be remotely or directly controlled. 

The Westool machine comprises a 
stator with a stationary field coil in which 
rotates an annular rotor and a central 
rotor, the latter being driven by a prime 
mover, whilst the former is attached to 
the driven load. When there is no cur- 
rent flowing in the field winding the input 
shaft and rotor run idle, while the annu- 
lar rotor coupled to the output shaft re- 












A cross-section of the regulator showing 
the annular rotor 


mains stationary. A magnetic field is 
created, when direct current is fed into 
the field winding which causes the annu- 
lar rotor and the output shaft to rotate. 
The speed of the latter depends on the 
exciting current in the winding and on 
the torque to be supplied. The excita- 
tion wattage is small, eg. 1 kW can 
handle a transmitted power of 200 h.p. 

Its speed can be manually or automa- 
tically-controlled, and is infinitely vari- 
able from zero to just below the speed 
of the driving motor by using it in con- 
junction with a fixed-speed squirrel cage 
induction motor. Both the output speeds 
and torque can be held automatically 
constant at any desired level irrespective 
of load changes. 

Certain advantages occur because the 
output torque of the regulator is trans- 
mitted through a magnetic field. Undue 
vibration is avoided because there is no 
mechanical connexion between the input 
and output members, and inching control 
is more readily obtained. The output 
torque can also be governed at a pre-set 
value and no overload can be transmitted 
back through the regulator to the prime 
mover. 

The unit can be used to overcome 
problems of load sharing and synchro- 
nization. Where it is required to drive 
one machine from two or more motors a 
regulator can be fitted to each motor 
and controlled so that the driving motors 
always supply equal power to the one 
machine. This avoids undue stress on 
one particular driving motor. 
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..-- to SERVOS 


An introduction to hydraulic servo 
valves—2 





R. HADEKEL, Engineering Consultant, Sperry 
Gyroscope Co. Lid. 


This series of articles is addressed to engin- 
eers who are conversant with servo tech- 
niques in general, and who wish to acquire 
specialized information on hydraulic servo 
techniques. The first part dealt with one of 
the keys to these techniques—the servo valve. 
Here a brief description is given of the basic 
types of valves and their characteristics 


Nearly all hydraulic valves are com- 
binations of variable orifices, the varia- 
tion being obtained by moving an ob- 
structing member along the orifice axis 
(seating valves), or sliding a member 
across the orifice (slide valves). The slid- 
ing motion may be rotary, or more often, 
translational, and in the latter case the 
sliding member may be circular cylin- 
drical (valve spool) or flat, though in 
theory any prismatic surface would do. 
The most used shape is cylindrical, but 
interesting designs of flat valves have 
also been devised. 


Return Supply Return 


1 { | 
WA UA WA Wa Ws Uli 






VMI, I 
End lands may 
oritices + To load ! be omitted 
The basic slide valves, above, and 
below. 
Return Supply Return 
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Zero lap 


The characteristics of valves are very 
sensitive to lap. This valve has no lap. 


{ 


Positive lap 
(overlap) 
Overlap is sometimes provided in the 
interests of power economy and possi- 
bly stability, but results in a dead zone. 






Negative lap 
(underlap) 


Underlap is also beneficial to stability. 
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Load-pressure 
The characteristics of a zero lap valve 
are a series of parabolae. 


Opening equa! 
to underlap 


Zero valve 
opening 
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Whereas those of an underlapped valve 
are fairly linear within the underlap 
zone, and exhibit a definite negative 
slope. 

The slope is analogous to the slope 
in the speed-torque characteristics of an 
electric servomotor, and has the same 
stabilizing effect, which is however pur- 
chased at the cost of considerable power 
dissipation. 












Supply 
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Ta load 
An equivalent but less uneconomical 
method of producing sloping character- 
istics is to use a shunt resistance across 
the load. 
Another technique for achieving simi- 
lar effect is to feed back the differential 
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pressure across the valve output con- 
nexions (pressure feedback). 

Accurate axial positioning of the ori- 
fice is very important, dimensions of 
the order of 0-0002 in. being often highly 
significant. For this reason orifices in 
the shape of complete annuli are seldom 
used (they also tend to give excessive 
positive or negative lap according to 
tolerances). Orifices are often in the 
form of a row or circular or sometimes 
rectangular holes, the latter being pro- 
ducible by broaching, spark erosion, or 
composite construction of the sleeve. 
Rectangular holes may be used where 
good linearity is important, though in 
practice quite fair linearity is obtainable 
with circular holes if some degree of 
underlap is tolerated. * 

Seating valves are not often used for 
servo purposes, except for handling quite 
low powers. 


Fixed 
orifices 


Supply 


To load 

The usual type for this purpose is the 
symmetrical flapper valve, which effec- 
tively has an underlap at least equal to 
the valve travel. 

This type of valve is in wide use as 
the first-stage in two-stage valves. It is 
not suitable for any but very low powers 
owing to its high ratio of standing leak- 
age to output flow. Orifice sizes tend to 
be of the order of 0-010 in. or somewhat 
less. 


Supply 


* Ga 
eee 0 


Orifice 
block 


4 

Nozzle valves are somewhat different 
in principle from all preceding ones, 
their action depending on the conver- 
sion of pressure to kinetic energy of the 
jet at the nozzle exit, and reconversion 
of kinetic energy to pressure in the ori- 
fice block. The characteristics however 
are fairly similar to those of other valves 
with an underlap about equal to the 
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travel. The chief attraction is insensi- 
tiveness to dirt. Nozzle valves are gen- 
erally used only for quite low powers, 
either directly or as a first stage in a 


two stage valve. 
to be continued 


..- to DISTANCE 





Contactless measurement of small 
distances 

Afi’ electronic micrometer was recently 
put on the market for distances in the 
range zero to 45,000 win. It works by 
measuring the capacitance between the 




























A microscope fitted with an electronic 
micrometer 


probe and the sample, and hence one of 
its advantages is this lack of physical 
contact. 

Usually the dimensions of the finer 
details that can be resolved with a con- 
ventional microscope are too small to be 
measured accurately with calibrated screw 
adjustment systems. 

This limitation has been overcome in 
this instance by attaching the electronic 
micrometer to a microscope. The attach- 
ment is so arranged that any movement 
of the microscope tube, results in an 
equal movement of the measuring probe 
relative to a metal probe. 

The first use of the new technique has 
been to the measurement of depth of 
etch in photogravure printing plates. This 
has been a problem for many years, in- 
volving not only the quality of printing 
but also a saving in ink costs that in a 
large works can amount to a thousand 
pounds in a few weeks. Using a micro- 
scope with a Baker interference objec- 
tive Wayne Kerr, the manufacturers of 
the electronic micrometer, have suc- 
ceeded in measuring the mean depth of 
cells and the depths at various points 
within one cell. Repeated measurements 
on one cell, with a maximum depth of 
two thousandths of an inch, gave results 
with a standard deviation of only five 
millionths of an inch. No particular skill 
was required in achieving consistent 
accuracy. 


--- to THICKNESS 





Determining thickness of applied 
coatings 

Another instrument shown recently by 
the Electrical Inspection Directorate was 








IDEAS APPLIED .. . 


the Drewitt tester. This is a portable 
instrument which provides a virtually 
non-destructive method of determining 
by direct measurement the local thick- 
ness of sprayed metal coatings of alu- 
minium or zinc applied to steel or high 
strength aluminium alloy, but it can be 
used on Alclad coatings and also on 
coatings such as paint, plastics or rub- 
ber applied to either hard or soft metal- 
lic bases. 

The thickness of an applied coating 
at specific points on an article is known 
as the local thickness whereas the thick- 
ness of the coating over a known area 
is called the average thickness. For 
coatings applied for protection against 
corrosion it is important that the local 
thickness should be above a certain 
minimum. In the case of sprayed metal 
coatings it is seldom that a uniform 
thickness of deposit can be applied, and 
to avoid premature breakdown of thinly 
coated zones a minimum local thickness 
is specified. 


The instrument itself 

The instrument consists of a small 
constant speed electric motor in which 
the rotor is allowed some end float. One 
end of the rotor spindle carries a small 
penetrating tool and the other end is in 
contact with a spring loaded dial gauge. 
Thus any displacement of the penetrating 





The Drewitt thickness tester 


tool is shown on the dial gauge. The 
penetrating tool is a small dental burr 
which is standardized so that it is capable 
of penetrating the coating metal but is 
not capable of penetrating the base mater- 
ial under the constant speed and pres- 
sure conditions obtaining during a test. 

In use the instrument is placed on the 
surface to be tested, the dental burr is 
lowered and the dial gauge then set to 
zero. A drop of 10% soluble oil is 
applied to the tool and the motor 
switched on. The progress of the tool 
is followed on the dial gauge, the speed 
of penetration being substantially con- 
stant until the tip of the tool pierces the 
coating and contacts the base metal; 
there is then no further progress of the 
tool, which is shown by the dial gauge 
reading remaining stationary thus giving 
a definite end-point to the thickness of 
the coating. 
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tile object, incorporates a war- 
head, what should we call the 
corresponding thing that incorpor- 
ates a ‘ peacehead’? The thought 
was prompted by Lord Hailsham’s 
coining of this ingenious new word 
on his appointment last month as 
Minister for Science. Suggestions 
are welcome, but we offer no prizes 
and no guarantee of publication! 
Note well the title. Lord Hail- 
sham made it quite clear that as 
long as he had anything to do with 
it there would be no Ministry of 
Science. Meeting criticism in ad- 
vance, he said there would be no 
interference with the independence 
and integrity of the scientist in his 
own field. His job—except in Gov- 
ernment research—would be ‘ en- 
couragement, diplomacy, enthusi- 
asm, example, precept or advice.’ 
How this is going to work out in 
practice is by no means clear, but 


: a missile, by definition a hos- 


.« . free of rods and chains 


Hailsham has drive and enthusiasm 
and is aided by a first-class team 
in the Advisory Council on Scien- 
tific Policy. 

Declaring he would not be known 
as Master of the Queen’s Rockets, 
he made it clear however that space 
research would get its share of 
attention. But he told us not to 
expect ‘clutches of satellites to be 
flung into orbit in a miraculously 
short space of time.’ Flung they 
would be in due course, but one 
had to consider exactly what they 
were supposed to do. Anyway, we 
had nothing to fling them with at 
the moment. 

Hailsham’s official title is Lord 
Privy Seal—traditionally keeper of 
the Sovereign’s Great Seal but now- 
adays a Cabinet sinecure for senior 
statesmen. The Prime Minister can 
nevertheless ask him to undertake 
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special duties, as he has in this case. 


T Professor Arnold Tustin’s 
A Chairman’s Address to the 
I.E.E. Measurement and Con- 

trol Section last month some of his 
audience found themselves rather 
out of their depth. Talking on The 
Relationship of Physical Models 
to Psychological Processes, he 
moved swiftly between philosophy, 
animal behaviour, neurosurgery and 
psychology, mentioning engineering 
only now and then. Of course it is 
a good thing for engineers to get 
away from their mathematics and 
hardware, but there were few who 
could keep up with Tustin on this 
occasion. This field of study is 
however extraordinarily interesting, 
and I for one believe that the next 
decade or so will show a vastly 
greater understanding of the brain 
function. Typical of Tustin’s strictly 
materialistic approach to his sub- 























ject was his grace at the Section 
Dinner which followed his lecture 
— for what we are about to re- 
ceive, may we be thankful.’ 


gies, American engineers seem 

content to accept the status 
quo of units, as the following ex- 
tract from the introduction to a 
recent American book on cryogenic 
engineering bears out. 

* The units of measurement used 
in this book are those commonly 
employed by cryogenic research 
workers who received their train- 
ing in physics or chemistry. There 
is an occasional incongruity; for 
example, gas volume given in cubic 
feet and liquid volume in liters. 
This and similar inconsistencies 
may be noted. This mixing of units 
by cryogenic workers probably 


F ees in the newest technolo- 





came about because the investiga- 
tors were used to the metric system 
and yet employed commercial 
equipment rated in British units, 
such as gas compressors rated in 
cubic feet per minute. American 
engineers, chemists, and physicists 
should not be unduly inconven- 
ienced by the use of more than one 
system of units, because this is 
common practice.’ 


Common practice it is, not only 
in cryogenic engineering, and not 
only in America. Perhaps because 
nearly all the engineering (not the 
physics) of nuclear power was 
pioneered in the U.S.A., both 
British and American nuclear en- 
gineers also work in a welter of 
mixed units. One wonders in how 
many other technologies the same 
confusion reigns. But let us return 
to our quotation, which goes on 
with the following example. 


‘The common energy units em- 
ployed by engineers include kilo- 
watt-hours (partly metric), British 
thermal units, horsepower-hours, 
and foot-pounds or foot-poundals, 
while the physicist or chemist uses 
ergs, calories, liter-atmospheres, and 
electron-volts.’ (Personally, I have 
yet to meet the engineer who uses 
foot-poundals out of school.) 


Perhaps the suveyor will be free 
of rods and chains before the en- 
gineer has said good-bye to the 
horsepower-hour. 


of fundamental importance for 
a long time. Soon it will be- 
come as vital to the space navigator 
as it became a few centuries ago to 
the seafarer. I could not help mak- 
ing this comparison as I wandered 
round an exhibition of Swiss 
watches held at Park Lane House 
last month. The latest self-winders 
were on show, of course, but so 
were some older pieces. One ex- 
ample that took my fancy was a 
bulbous brass watch by Daniel 
Jeanrichard (1665-1741), who is said 
to have originated the craft in the 
Jura mountain region. As I con- 
templated the decorative brass foli- 
age on this specimen, and later the 
coloured ‘automats’ on a watch 
of the 1800s, I wondered whether 
this oldest of instruments was likely 
to change very much in our day. 
The evolution of ‘clockwork’ is 
still in process, but different ways 
of measuring time are more useful 
for control and other industrial 
purposes. On the wrist or by the 
bedside, however, it is hard to 
imagine what might replace it. 


[cr fundamental impo has been 
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ONTROL IN ACTION 






1 


Control techniques reduce noise 
and vibration in Vickers Vanguard 


Automatic propeller 
synchronization 


THE FIRST SECOND-GENERATION TURBO- 
prop airliner, the Vickers Vanguard, 
which is shortly going into airline ser- 
vice with B.E.A. and T.C.A., has four 
Rolls-Royce Tyne engines driving de 
Havilland propellers. The latter are 
fairly conventional variable-pitch pro- 
pellers of ‘Hydromatic’ type with a 
hydro-mechanical pitch controlling 
system. They have four blades and 
their overall diameter is 14-5 ft. 

The Vanguard is a commercial air- 
craft which, if it is to succeed in world 
markets, must offer not only the 
operating economy inherent in turbo- 
prop operation, but also maximum 
passenger comfort. Pure jet aircraft, 

Fig. 2 No. 2 engine drives the master 

propeller and each of three slaves is 

controlled by a phase synchronizing 


computer, two of which are shown 
here 
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of course, provide the turboprop with 
very strong competition and there are 
many arguments in favour of both. 
The turboprop is economical while 
the jet is faster and has, perhaps, 
greater passenger appeal. Whether or 
not the pure jet’s high speed makes 
much difference over the short to 
medium ranges, for which the Van- 
guard has been designed, is another 
matter. 

Speed apart, there is one facet of 
passenger appeal where the jet might 
claim superiority, and that is in the 
passenger comfort which stems from 
the low level of noise and vibration 
in the well-designed jet’s cabin. A 
turboprop aircraft with four quad- 
ruple-bladed propellers is subject to 
blade-tip noise on the fuselage. 


Propeller control system 

In order to offset this apparent dis- 
advantage de Havilland Propellers has 
designed a _ synchrophasing system, 
which synchronizes the speeds of the 
four propellers and maintains their 
optimum blade positions with respect 
to each other. The system thus re- 
duces noise and vibration in the pas- 
senger cabin. 

Basically the system is one in which 
engine-driven three-phase alternators— 
one on the ‘ master” engine and one 
on each of the three ‘slaves "—pro- 
vide signals for comparison. Any dif- 
ferences in speed or phase displace- 
ment between master and slaves are 
fed as error signals into positional 
servomechanisms which control actu- 
ators on the slaves. The actuators bias 
the propeller controllers to nullify the 
error. 


Pitch control 
The propeller control system, for 


governing propeller pitch, is fairly 
conventional. It is driven from the en- 










Fig. 1 One of the four de Havilland pro- 
pellers of the Vickers Vanguard. Servo 
control causes all four propellers to run 
in phase at synchronous speeds 
gine reduction gear and incorporates 
a gear pump, a pressure demand relief 
valve, a flyweight type of governor 
and control valve, and an independent 
increase-pitch valve which is either 
solenoid-operated or mechanically- 
controlled from the engine’ reduction 
gear. 

The governor speed setting is inter- 
connected mechanically with the en- 
gine fuel control in a predetermined 
relationship, rev/min. being progress- 
ively increased with fuel flow. The 
speed datum, which is selected manu- 
ally, is varied by altering the com- 
pression of the governor spring with a 
cam and follower mechanism. The 
synchrophasing system varies engine 
speed by means of an actuator which 
operates a screw jack to change the 
pivot position of the cam follower, so 
varying governor spring compression. 


Propeller speed synchronizing 

The propeller synchronizing system 
automatically reduces any differences 
in speed between the slave and master 
propellers to zero, and controls their 
relative blade phase relationships at 
predetermined optimum positions. As 
already mentioned, this is done by the 
slave actuator controlling governor- 
spring compression, although _ this 
speed change is limited to 150 turbine 
rev/min., or 10 propeller rev/min., so 
as not to deviate too far from the 
optimum fuel flow/engine speed rela- 
tionship. 

The master reference for the system 
is the propeller on the aircraft’s No. 2 
engine. A three-phase tachogenerator 
on each engine is mechanically 
coupled to its propeller in such a 
manner that the upright position of 
any one propeller blade corresponds 
to the peak of phase A of each tacho- 
generator. The output frequency of 
the generators is four times propeller 
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Servo motor Phase sensitive 
control detector = amplifier 
amplifier Al 


speed so that one cycle is completed 
with every 90° of propeller rotation 
and the system need not differentiate 
between individual blades on a pro- 
peller. 

The output shaft of the slave actu- 
ator is driven by a brushless two- 
phase motor the reference phase of 
which is fed, via a transformer, from 
the 400c/s aircraft supply. This 
motor’s direction of rotation, and hence 
the movement of the screw jack which 
determines whether the propeller-speed 
increases or decreases, is governed by 
the phase of the signal feeding the 
motor’s control phase. 

The power supply for the motor is 
derived from two transformers, one 
across lines and the other across line- 
to-neutral. This gives two supplies, 90° 
displaced: if the control phase lags 
the reference phase by 90°, motor and 
shaft will rotate in one direction; if 
the control phase leads the reference 
phase by 90°, the direction of rota- 
tion is reversed. In other words, the 
phase relation of the signal to the con- 
trol winding of the actuator motor 
determines whether the propeller speed 
of a particular slave engine is increased 
or decreased. 


Actuator position feedback 

The position of the actuator shaft 
of each slave, is fed back to the con- 
trol equipment through a synchro 
chain. Referring to the circuit, Fig. 
3, it will be apparent that a 400c/s 
supply is fed by transformer action to 
coupled rotors 1 and 2 of a synchro 
transmitter and hence to stator 2, the 
amplitude of the resulting currents 
being dependent upon the angular re- 
lationship between rotor and stator. 





Similarly, the amplitude of the voltage 
resulting in rotor 3 of the synchro 
receiver depends on its angular rela- 
tionship with its stator (3). If the amp- 
litudes of the signals on the lines of 
stator 2 to 3 result in zero signal on 
rotor 3, the null point of the system 
has been reached—that particular 
slave is on phase. These signal levels 
are, of course, influenced by the posi- 
tion of stator 3 which is adjusted by 
the phase error integrator motor. 

Coupled rotors, 1 and 2, are used in 
the synchro transmitter in order to 
avoid the use of brushes in the actu- 
ator (which is on the engine). Rotor 1 
is transformer coupled to the 400 c/s 
supply via rotor 2, both rotors being 
electrically and mechanically coupled 
to each other and to the output shaft 
of the actuator. The latter is driven by 
a.c. motor M1 through a 1012:1 re- 
duction gear. 

The output voltage at receiver rotor 
3 is, of course, proportional to actu- 
ator position error in relation to the 
desired position of the propeller datum 
blade. This is fed via magnetic ampli- 
fier Al to actuator motor M1, so that 
the motor will drive transmitter rotors 
1 and 2 until the null position of re- 
ceiver rotor 3 is reached. Thus, any 
rotation of the receiver rotor relative 
to its stator results in a similar rotation 
of the actuator shaft. Tachogenerator 
G, which is attached to motor Ml, 
provides velocity negative feedback to 
stabilize the system and prevent hunt- 
ing or excessive overshoot of the actu- 
ator shaft. 

Fig. 3 shows that rotor 3 of the 
synchro receiver controlling actuator 
position is coupled via 1:2°5 reduction 
gearing to the output shaft of a three- 


Fig. 3 The synchrophasing system consists of trimming actuator units on each 
slave propeller, and separate phase synchronizing computers housed in rack- 
mounted units within the aircraft 
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phase double-wound differential syn- 
chro termed a Monodiff (designed for 
de Havilland Propellers by Muirhead). 
One three-phase winding of each slave 
Monodiff is fed from the master pro- 
peller’s a.c. tacho; the other three- 
phase winding is fed from a particu- 
lar slave propellers’ a.c. tacho. The 
rotor (4) of each Monodiff fol- 
lows the angular difference of the 
flux vectors developed in the stator by 
the tachos of the master and a par- 
ticular slave. Thus the Monodiff’s shaft 
rotates at half the difference in fre- 
quency between master and slave 
tachos, the direction of rotation de- 
pending upon whether the slave pro- 
peller is faster or slower than the 
master propeller. 


Any difference in speed between the 
master and a slave results in rotation 
of that particular Monodiff and its 
associated synchro receiver rotor (3) 
and, as already described, rotation of 
the actuator shaft controlling slave 
propeller speed. When speed synchron- 
ism is reached, the Monodiff will 
cease to rotate and the actuator shaft 
will halt at the on-speed position. 


Propeller phase synchronizing 

Although speed synchronism has 
thus been achieved it is likely that the 
phase relationships between master 
and slaves is still not that for mini- 
mum cabin noise. However, there is a 
predetermined position of the Mono- 
diff shaft which corresponds with the 
optimum phase relationship between 
master and slave. A secondary servo 
loop, similar to that for speed syn- 
chronization determines this. 

This loop is in the phase synchron- 
izing computer of Fig. 3. The 400c/s 
supply is fed to the phase-datum syn- 
chro (the manual adjustment on the 
phase synchronizing computer), and a 
voltage is induced in the phase error 
synchro driven by the Monodiff. The 
output of the phase error synchro 
rotor (5) drives the integrator motor, 
M2, via amplifier A2. The shaft of this 
motor is coupled through 13-75: 1 
gearing to stator 3 of the actuator 
synchro receiver. The angular relation- 
ship between phase error synchro sta- 
tor (6) and rotor (5) determines the 
direction of rotation of motor M2. In 
the null position, the output from this 
synchro receiver is zero-and the motor 
will cease to rotate the actuator re- 
ceiver stator (3), the rotation of which 
has the same effect on the actuator 
shaft as rotation of rotor 3. 


The phase error synchro rotor (5) 
being mechanically coupled to the 
Monodiff rotor shaft, the null position 
for optimum phasing of a particular 
slave propeller may be set by position- 
ing rotor 6. If a phase error exists, 
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Fig. 4 A phase synchronizing computer minus its amplifiers. Basically it comprises 
a Monodiff (A), the phase error synchro (B), the integrator motor (C), and the 
actuator position synchro (D) 


rotor 5 will move from the null posi- 
tion, rotate, and a similar slow rota- 
tion of the actuator shaft will occur. 


In holding speed constant, the 
speed synchronizing system must main- 
tain the actuator shaft in a constant 
position—the relationship between 
rotor 3 and stator 3 must be main- 
tained. Therefore, rotation of stator 
3, because of phase error, will result 
in similar rotation of rotor 3. It fol- 
lows that this loop will reduce phase 
error until the signal from the phase 
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error synchro receiver is zero and fur- 
ther corrective action ceases. 


Avoidance of hunting in phase 

Lags in the system might lead to 
hunting of a slave propeller’s phase 
and this is overcome by adding a 
term proportional to rate of change 
of phase to the correction signal fed to 
the actuator control amplifier Al. This 
rate signal is derived by sensing the 
rate of change of voltage output from 
the phase error synchro. A direct 
current of polarity dependent upon the 








direction of phase change, and ampli- 
tude proportional to the rate of phase 
change, is induced into the control 
windings of the amplifier. The effect 
is to add a degree of phase advance to 
the positional correction applied to 
the actuator. 


Propeller datum setting g 

In the Vanguard, there is some opti- 
mum position in phase of each slave 
propeller with respect to the master 
propeller and to the other slaves. The 
synchrophasing computers employed, 
of which there are three—one for 
each slave—are of standard construc- 
tion and in order that they may be in- 
terchanged between slaves, they are 
provided with a switch so that any 
computer may be employed with any 
slave. This switch, the ‘slave propel- 
ler optimum phase position switch’ in 
Fig. 3, is a four-position device. Posi- 
tion two, the ‘master ‘propeller, will 
normally not be used, and the other 
three are set up for optimum phasing 
(pre-determined during trials), for 
each of the three slave engines. 


Actuator re-centring 

On engine switch-off, it could be 
that the slave actuators were at the 
limit of their travel in one or other 
direction. This is overcome by arrang- 
ing for the actuator synchro output to 
be connected directly to the input of 
the control amplifier on switch-off. 
Each actuator is set-up initially so that 
the signal across each outer line and 
the centre line will null at the centre 
position of the actuator output shaft. 





Blood pressure controlled electropneumatically 


Hospital's use of blood pressure follower 


A BLOOD PRESSURE FOLLOWER, DE- 
signed by Winston Electronics in con- 
junction with Dr. J. H. Green of 
Middlesex Hospital Medical School’s 
Department of Physiology, is under- 
stood to have been in continuous use 
for nearly two years in the operating 
theatre of a London hospital. This was 
a prototype model, its use in a hospi- 
tal being for field-trials purposes prior 
to proceeding with production. The 
equipment records and controls human 
blood pressure continuously over re- 
quired periods, and it is claimed to be 
absolutely reliable and foolproof 
during operations. 

The blood pressure follower is in- 
tended to follow continuously the 
rhythmical changes in arterial blood 
pressure in a finger or toe (systolic 
digital artery blood pressure). A sche- 
matic diagram of the equipment— 
blood pressure follower and blood 
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pressure regulator—is given in Fig. 2. 

The pulsation is picked up by a 
piezoelectric crystal placed over the 
artery, and is employed to open an 
air-valve which inflates a cuff from a 
small pump in the apparatus. The cuff 
blocks the artery near to the point 
of application of the crystal, and when 
this occlusion is complete the air- 
valve is closed and a leak allows the 
cuff to deflate until pulsations re- 
appear, when further air enters it. The 
apparatus thus maintains the cuff at 
the same pressure as that in the digital 
artery. 

The cuff encloses the entire finger 
and raises the pressure of the finger 
tissues to the level of the arterial 
pressure. In this way the cuff acts as 
a form of G-suit on the finger, and 
allows the normal exchange of tissue 
fluid, nutrition and metabolites to con- 
tinue with the small blood flow which 


occurs when the cuff pressure is below 
the digital artery pressure. This, 
coupled with the fact that the finger 
has low metabolism (i.e. chemical and 
physical changes in the finger occur 
at a low rate), permits the cuff to be 
kept in position for four hours or 
more without cyanosis (blood oxygen 
insufficiency) or oedema (fluid accu- 
mulation) developing. The cuff is quite 
comfortable and painless in use. 

The equipment, which comprises a 
console cabinet on castors, is shown 
in Fig. 1. On top is a conventional 
mercury sphygmomanometer, for in- 
dicating arterial blood pressure, with a 
sloping instrument panel below it. The 
latter carries cuff inflation and defla- 
tion controls, a pressure dial, and a 
pulse indicator, apart from the usual 
gain control and switch. This top sec- 
tion is removable for use as a port- 
able equipment and it includes com- 
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Fig. 1 Blood pressure follower with 
chart recorder drawer open 


partments for sphygmomanometer, 
cuff and crystal assemblies. 

The bottom section incorporates a 
drawer (open in Fig. 1) in which the 
recorder is fitted. The information 
picked up from the cuff and crystal 
on the finger is recorded on a 3-in. 
wide heat-sensitive strip chart air-pres- 
sure recorder, calibrated 0-300 mm. 
Hg, the charts covering 48 hours. This 
information is also indicated on the 
pressure dial on the sloping panel, on 
the mercury sphygmomanometer and, 
if necessary, on the dial of a large 
wall sphygmomanometer so that all 
concerned can follow the blood pres- 
sure levels. The recorder, of course, 
provides a permanent record of 
blood pressure levels over the whole 
period of an operation. 


Automatic blood pressure control 

A control panel (not visible in Fig. 
1) below the recorder enables the 
equipment to be used to regulate the 
infusion of hypotensive or hyperten- 
sive drugs to lower or increase the 
blood pressure in order to maintain it 
at a predetermined level. As any fluc- 
tuation of blood pressure can be seen, 
the infusion rate can be adjusted 
manually but, as can be seen in Fig. 
2, automatic blood pressure regula- 
tion is available. The control panel 
carries two dials, one is set to the 
lowest permissible pressure, and the 
other to the highest. Changes beyond 
these limits not only operate alarm 
lights or bells, but also a solenoid de- 
vice which controls the intake of drugs. 
If the patient’s blood pressure remains 
within limits, a green light shows above 
both dials; if pressure rises beyond 
the limit a red light shows above the 
‘high’ dial; if pressure falls, a red 
light shows above the ‘low’ dial. 
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The principle of operation of the 
blood pressure follower and regulator 
will be apparent from the diagram, 
Fig. 2. Pulsations of the artery are 
picked up by the piezoelectric crystal 
in the manner already described. The 
resulant signals are amplified and 
caused to open a valve, so allowing 
air to be pumped into the finger cuff. 
The cuff inflates, halting the flow of 
arterial blood, and the pulse ceases ; 
no signal is transmitted by the piezo- 
electric crystal and the air valve 
closes; the air in the cuff leaks to 
atmosphere, blood flow is resumed 
and so is the pulsation. The system 
cycles continuously in this manner, 
giving a continuous reading of blood 
pressure, which is, of course, the same 
as the air pressure in the cuff. 

Blood pressure regulation, by the 
automatic infusion of pressure-raising 
or lowering drugs, is done by feeding 
the blood (cuff) pressure to a trans- 
ducer in the regulator. The resulting 
signal is amplified and used to control 
the operation of a motor driving a 
variable infusion pump. The ‘high’ 
and ‘low’ limit pressures are fed in 
as ‘set pressure required’ in Fig. 2. 
The motor-driven tachogenerator pro- 
vides negative feedback to prevent the 
regulation system hunting. 

This automatic control and regula- 
tion capability enables, for example, 
a surgeon to operate with a patient’s 
blood pressure higher or lower than 
normal, because he is continuously in- 
formed of the effect of drugs on blood 
pressure levels. The drug infusion con- 
tinues only for so long as the patient’s 





pressure, high or low, does not ex- 
ceed preset limits. When a limit is 
reached the solenoid device automatic- 
ally cuts off the supply of drug. 
Advantages over conventional techniques 

Many advantages over the more 
usual methods of blood pressure meas- 
urement are claimed for the Winston- 
Green blood pressure follower. 

The normal method of taking blood 
pressure involves the use of an arm 
cuff, the standard sphygmomano- 
meter, and either a stethoscope to 
listen to sounds in the artery below the 
cuff, or some mechanical or electrical 
means of recording pulsation. A dis- 
advantage of the arm cuff is that it 
causes discomfort to the patient. The 
nutrition of the limb may be impaired, 
particularly if the cuff is left inflated 
for too long a time. Furthermore, the 
stethoscope method can be used effec- 
tively only in quiet surroundings, and 
provides at best only spot readings. 

The method of taking blood pres- 
sure by the use of a hollow needle or 
plastic tube inserted into an artery 
also has the obvious disadvantage of 
causing discomfort to the patient, with 
the added possible danger of a clot 
forming in an artery at the site pene- 
trated by the needle or tube. 

The blood pressure follower in con- 
trast, gives a continuous record with 
the minimum of discomfort to the 
patient. It operates without the need 
for disturbing the patient, who may 
even be asleep in a hospital bed. If 
desired, the equipment itself may be 
set up in an adjoining room or other- 
wise placed out of the patient’s sight. 


Fig. 2 The basic principle of the blood pressure follower as an automatic blood 

pressure regulator. Cuff pressure increases to stop the pulse, and cuff pressure 

falls. The blood pressure is fed to a transducer, the resulting signal controlling 
the motor-driven drug infusion pump 
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Macmillan’s Ministers 


There are a number of appointments of 
engineering interest in the new govern- 
ment which has just taken office. The 
most controversial are those of Duncan 
Sandys, who leaves the Ministry of 
Defence to become Minister of Aviation, 
and Lord Hailsham who as Lord Privy 
Seal is the promised Minister for (not, 
we are assured, of) Science. 

As yet, the duties of these Ministers 
are still rather vague. Duncan Sandys 
takes over civil aviation from M.T.C.A., 
leaving a somewhat truncated, but still 
immensely important, Ministry of Trans- 
port to Ernest Marples whose mark as 
Postmaster General the Post Office will 
bear for some time to come. The Ministry 
of Aviation also takes over certain of 
the responsibilities of the Ministry of 
Supply—now abolished—including both 
military and civil aircraft, guided and 
nuclear weapons, and ‘electronics "— 
whatever that might mean. The remain- 
ing duties of the defunct Ministry of 
Supply (Aubrey Jones was the Minister) 
will go to the Secretary of State for War, 
Christopher Soames. 

The ex-Minister of Transport and Civil 
Aviation, Harold Watkinson, has become 
Minister of Defence and there has been 
some suggestion that he and his redoubt- 
able predecessor in that office, Sandys 
the new Minister of Aviation, may not 
hit it off too well. They have, in effect, 
switched jobs; have they also switched 
seniorities ? 

Ernest Marples’ promotion to the 
Cabinet as Minister of Transport, seems 
to meet with general approval. That Min- 
istry, although no longer concerned with 
aviation, has not been lowered in im- 
portance unduly, for apart from its road 
and rail problems it takes over the 
Admiralty’s responsibility for ship build- 
ing and repairing. 

The Ministry of Power has gone to 
Richard Wood. This is no longer a Cab- 
inet position (some think this demotion 
a mistake) although the former incum- 
bent, Lord Mills, is to remain in the 
Cabinet as Paymaster General. It is said 
that the Prime Minister, Harold 


Macmillan, wishes to have the benefit of 
his advice on industrial matters. 

The new Postmaster General is J. R. 
Bevins. 

Lord Hailsham’s appointment as ‘ Min- 
ister for Science’ has led to a great deal 
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of controversy, much of it, some suspect, 
having a political background rather than 
being based on his fitness for the job. 
Hailsham is not a scientist himself, say 
his critics (including ‘Scryer’ on p. 88 
of this month’s CONTROL), and therefore 
he cannot appreciate the scientist’s prob- 
lems. Others feel that his very lack of a 
scientific background is not without 
merit. 

It is easier to quarrel with the job 
than with the man. Lord Hailsham seems 
to have vague responsibility for most 
forms of Government-sponsored research 
from space technology to the kipper- 
curing of one of D.S.I.R.’s humbler, but 
just as vital outstations. 


DATA PROCESSING 
Computing Election Results 


The digital computers were out in 
strength on election night, all success- 
fully forecasting a Conservative victory 
at about the same time as the more ex- 
perienced political seers decided it was 
no longer necessary to miss any sleep 
Ferranti’s Pegasus and Sirius decided at 
11.55 p.m., on the basis of 23 results, 





from the world of control 





that the Conservative majority would be 
104 seats. The final figure was, of course, 
a majority of 100 over all other parties. 

LC.T.’s type 1201 machine, which was 
used by Reuter, gave the Government a 
majority of 100 at 11.00 p.m., 105 at 
11.15 p.m. and 110 at 11.30 p.m. 

Ella, the National-Elliott 402E com- 
puter, was used to very good effect by 
the B.B.C. Again forecasting was excel- 
lent, and the B.B.C.’s typically profes- 
sional presentation of this material held 
a wide audience. 

All in all, the computers showed up 
well despite the fact that their task was 
somewhat easier than on previous occa- 
sions. 


E.E.’s KDP.10 computing facility 


The English Electric KDP.10, a new 
commercial data processing system, which 
is to be built at E.E.’s Kidsgrove works, 
is based on a design by the Radio Cor- 
poration of America, modified to suit 
manufacturing techniques and opera- 


tional requirements in this country and 
Europe. It is a fully-transitorized sys- 
tem capable of handling alpha-numeric 


tape, 


data, and employing magnetic 


THE GOVERNMENT INSPECTOR. This measuring machine developed at the 
Ministry of Supply’s Electrical Inspection Directorate is, in effect, a Ferranti tape- 
controlled jig borer operated in reverse. It is a self-contained measuring machine 
having-accuracies of the order of + 0-00005 in. over + 0-005 in. range. The capacity 
of the machine is 30in. by 20 in. by 7in. CONTROL understands that accuracies 


better than 0-001 in. have been obtained on workpieces up to 18 in. long 
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punched paper tape and punched card 
input/output as well as printed output. 
Its magnetic core storage is expandable 
in capacity, and it provides a high rate 
of transfer of information to and from 
the magnetic tape storage. The system 
can perform a variety of operations 
simultaneously, and can record and trans- 
fer information on tape at 33,333 ch/sec. 
It has a comprehensive automatic check- 
ing system which is said virtually to eli- 
minate errors in the input and output of 
information, and to ensure accuracy. 


integrated construction 


The system consists of integrated units 
covering high-speed store, programme 
control, tape selection and buffer unit 
and a console with associated monitor 
printers and paper tape punch, a paper 
tape reader and high speed printers. 

A random-access magnetic-core device 
is the high-speed store for programmes 
and data, and this can be expanded 
within the range 16,000 to 260,000 char- 
acters. The programme control unit in- 
terprets and executes the instructions of 
the programme stored in the high-speed 
store and performs the automatic accur- 
acy checks. 

There are two tape-selection and buf- 
fer units. One allows for the connexion 
of from one to eight tape stations to the 
computer and controls reading-from and 
writing-to magnetic tape on these sta- 
tions. Programme instructions indicate 
the appropriate magnetic tape unit for 
input or output. The number of magne- 
tic tape units directly controlled by the 
computer may be increased to 62 by con- 
necting the second tape selection unit 
to each of the lines of first unit. 


Printing ‘ 


The console provides monitoring of 
the operation of the computer and the 
on-line equipments. The monitor printer 
is an on-line device, somewhat similar 
to an electric typewriter, which prints 
onto paper from information received 
directly from the computer’s store. It 
is used primarily for programme opera- 
tional control, programme testing and 
exceptional types of output. Paper tape 
punch and tape verifiers are used for 
the original preparation and verification 
of the system which accepts coded 7- 
hole punched paper tape for subsequent 
input into the computer. The paper tape 
reader also accepts 7-hole punched paper 
tape and operates at the rate of 1000 
ch/sec. 

The main output is from a high-speed 
line printer operating under the control 
of the computer and producing up to 
six copies at 600 lines/min; each line may 
have up to 120 characters. 

English Electric will deliver the sys- 
tem in mid-1961, and is understood to 
be carrying out systems investigations. 
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Autocontrol at Briton Ferry 


The recently commissioned open-hearth 
furnace at the Glamorgan works of the 
Briton Ferry Steel Co., is a 100-ton oil- 
fired type designed by Maerz Industrie- 
Ofenbau A.G. of Ziirich. This is 
equipped with instrumentation and con- 
trol by George Kent. Furnace and con- 
trol equipment were supplied to the 
order of Priest Furnaces Ltd., Middles- 
brough, the instrumentation being housed 
as a single presentation unit in a com- 
bined cabin-type panel and plate-glass- 
fronted control cubicle. Various instru- 
ments indicate and record process vari- 
ables such as roof temperatures, checker 
temperatures, combustion air, oil flow, 
steam flow, furnace pressure etc., and the 
automatic control facility promotes effi- 
ciency. 





Open hearth furnace control 


The direction-of-firing automatic rever- 
sal system is initiated by a Multelec 
mark 2 temperature-difference instru- 
ment (with over-riding reversal on time 
interval) which operates in conjunction 
with two Land radiation pyrometers. 

Another feature is a Commander KE 
electronic liquid-steel temperature indi- 
cator with a range of 1250°-1750°C. 


Siemens-Elliott Australian order 


Electronic recording and control equip- 
ment for the Cockle Creek works of Sul- 
phide Corporation Ltd. in New South 
Wales, has been ordered from Elliott 
Brothers (London) Ltd. and Siemens 
Edison Swan (Australia) Pty. The equip- 
ment, which is valued at over £120,000 
sterling, includes an integrated weight 
control and blending system regulating 
the feed of materials to a smelting furn- 
ace. The order should be complete by 
July 1960. 


—MACHINE TOOLS— 
Torque and speed control 


The Tasc—torque and speed control— 


- induction coupling by Pye Electric 


(Lowestoft) is a new development for 
a.c. motor control .which should interest 
the machine tool industry. Basically it is 
a magnetic induction coupling employ- 


ing a rotating magnetic field. 

An inherently constant torque device, 
it comprises two members rotating inde- 
pendently and supported by a stationary 
fixed structure. A small air gap separates 
the members. The input member consists 
of an input shaft carrying a poled rotor. 
The rotor is surrounded by a torque 
tube which, mounted on the output shaft, 
forms the output member. The fixed 
structure consists of the casing ring, 
which surrounds the torque tube at one 
end and an exciter coil at the other. 

The input member is driven at a con- 
stant speed. When the exciter coil is 
energized, a steady magnetic field, which 
rotates with the poles of the rotor, is 
set up. This induces electrical currents 
and thus a magnetic field in the torque 
tube. The two fields interact to produce 
a torque in the torque tube which tends 
to drive it in the same direction as the 
poled rotor. The magnitude of this in- 
duced torque is directly proportional to 
the value of the exciter coil current and 
is thus easily controllable. 


—INSTRUMENTS— 
Sima and the future 


The Scientific Instrument Manufacturers’ 
Association, who held their 8th Annual 
Convention on October 22-24, in 
Brighton, took a look forward into the 
future, with the theme ‘ Instruments of 
Destiny ’. 


Travel 


Dr. W. Cawood, Deputy Controller 
Aircraft Research and Development, 
Ministry of Supply, spoke on ‘ Travel’ 
by land, sea and air, and dealt with some 
of the newer developments. He described 
the technical aspects of the economic 
development of fast surface vessels, mak- 
ing it clear that whereas frictional drag 
increased steadily with speed, wave drag 
increased very quickly beyond a certain 
limiting speed. There are two answers 
to this problem: to put the vessel below 
the surface (as a submarine) when the 
limitation would disappear; and to lift 
the vessel above the sea surface. Both 
these projects—the nuclear-propelled sub- 
marine and the Hovercraft—were dis- 
cussed in detail, and Dr. Cawood gave 
some of his experiences in flying both the 
Hovercraft and its U.S.A. counterpart, 
the Curtiss Wright Aerocar. He predicted 
a considerable future for this type of 
craft. As they are not limited by the 
square-cube law, they can be large and 
although not capable of very high speeds 
would be cheaper than aircraft. 

Talking of air travel, Dr. Cawood said 
the next stage would be supersonic. The 
two main possibilities are aircraft flying 
at Mach 2 and at Mach 3. In the latter 
case, frictional forces would be. so high 
that the surface temperature of the fuse- 
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lage would be at the boiling point of 
water and therefore refrigeration would 
be necessary. New materials of construc- 
tion would have to be found. However, 
for aircraft operating at speeds around 
Mach 2 known materials and known 
technology would be usable. No decision 
has yet been made between these two 
alternatives and Dr. Cawood went on to 
speak about the difficulty of landing 
such high-speed aircraft. He pointed out 
that as the installed power was sometimes 
sufficient to balance the weight of the 
aircraft, there was the possibility of ver- 
tical take off. 

Dr. Cawood also spoke of the nuclear- 
propelled aircraft, mentioning the prob- 
lem of shielding the reactor, the poten- 
tial crash hazard and the possibility of 
using kerosene in the combustion cham- 
ber of a jet engine in place of the 
nuclear reactor for take-off and landing. 


Materials 


Dr. H. M. Finniston, Manager, 
Nuclear Research Centre, C. A. Parsons 
and Co. Ltd., spoke about ‘ Materials in 
Instrument Technology.’ He considered 
semiconductors, piezoelectrics, ferrites, 
etc., and their applications. He also dis- 
cussed the refined methods of manufac- 
ture and control necessary for the pre- 
paration of some of these materials, and 
described some of the newer processes 
such as zone melting, vacuum casting and 
surface treatment. 


Nucleonics 


Dr. C. F. Haigh, Director of the 
Berkeley Nuclear Laboratories of the 
Central Electricity Generating Board, also 
spoke about ‘The Nuclear Age.’ His 
lecture was largely a survey of the im- 
portance of instrumentation for the con- 
trol of nuclear power stations and for the 
control of the health hazards from the 
use of such installations, and the use of 
radioactive materials. He considered that 
more research and development work 
was necessary on radiation and particle 
detectors particularly neutron-sensitive 
detectors. He was also of the opinion 
that new health monitors were required 
for monitoring neutron-radiations, parti- 
cularly neutrons of intermediate energies. 

Dr. Haigh’ mentioned the work being 
done, particularly on the metallurgical 
side, in hot cells. Here it was necessary 
for scientific apparatus (or, at least the 
detector-transducer end of such instru- 
ments) to be in close proximity to the 
radioactive source (irradiated fuel ele- 
ment or the like), and where, therefore, 
the materials and components would be 
subject to heavy irradiation. 

Other lectures at the Convention in- 
cluded ‘The Space Age’ by Professor 
H. S. W. Massey and ‘ Environmental 
Conditions Applicable to Ballistic Mis- 
siles and Satellites ’ by K. A. McIntosh. 
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Lunik III's moon photo 


The Russian automatic interplanetary 
station (Lunik III) which, as reported in 
these columns last month, was expected 
to round the moon, has not only done 
all that could be expected of it, but has 
supplied a photograph of the moon’s 
erstwhile hidden side as proof of its 
circumnavigatory activities. As ever with 
Russian achievements, however, details 
are hard to come by. 

It appears that many photographs 
were taken during a 40-min. period on 
October 7. Two 35 mm cameras were 
used, one to give an overall view of the 
moon’s surface and the other to photo- 
graph a smaller arca and thus give more 
detail. 

The main problem, presumably, would 
be to position the Lunik so that the 
camera windows faced the moon. This 
might have been done by firing a small 
control rocket or operating some other 
impulsive device (a nozzle fed by a com- 
pressed gas, for example). This firing was 
probably made under the joint control 
of a solar radiation monitor positioned 
at the end of the Lunik away from the 
camera window, and a photocell arrange- 
ment looking at the moon from the 
camera windows, although the latter may 
not have been necessary. 

It has been suggested that the Lunik 
may have been positioned using a fly- 
wheel as an inertial reaction device, 
under the control of the solar-lunar 
monitor arrangement already mentioned. 

As the photographic film would be 
sensitive to cosmic radiation, it is likely 
































































































The hitherto hidden side of the moon, 
based on picture information received 
from Lunik Ill : (1) the 300-km diameter 
Moscow Sea; (2) Astronauts Bay; (3) 
the already-known South Sea; (4) crater 
of Tziolkovsky Hill; (5) crater of 
Lomonosov Hill; (6) Joliot Curie crater; 
(7) Sovietsky range; (8) Dream Sea. The 
Roman numbers refer to objects on the 
moon’s already-known side: (1) Hum- 
boldt Sea; (Il) Sea of Crisis; (Ill) 
Regional Sea; (IV) Sea of Waves; (V) 
Smith Sea; (VI) Sea of Fertility; (VII) 
South Sea 


The U.S.S.R.’s automatic interplanetary 
station. The four wheels, although mak- 
ing the device transportable in two 
dimensions, are not thought to be of 
astronautical significance 
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that this would be in a lead casette. 
After the actual photographic process, 
automatic developing and fixing should 
present little difficulty, and the next stage 
would be the electronic examination of 
the photographs. Presumably the nega- 
tives would be scanned in television 
fashion, although they may have been 
illuminated by the sun, and several hun- 
dred thousand points on each negative 
examined in terms of light and shade. 
This picture information would be com- 
bined with other data (for example, that 
defining a particular photograph), and 
coded for radio transmission to earth. 
The receiving station would, of course, 
have to decode this data to build up a 
facsimile of the transmitted picture. 


NEWS BRIEFS-—— 


System Engineering Group has been 
formed by de Havilland Propellers to 
design and produce automatic control 
equipment for industry. The technical 
team consists of R. J. Perdue, M. James 
and R. A. Rubenstein. 

Air defence system valued at £1,500,000 
has been ordered from Marconi’s W.T., 
through Svenska Radioaktiebolaget, for 
the Swedish Air Force. A high speed 
computer for simultaneous solution of 
interception problems, black-and-white 
and colour T.V., and automatic informa- 
tion-dissemination techniques are incor- 
porated. 

Department of Electronic Engineering, 
University College of North Wales (Pro- 
fessor M. R. Gavin); a new building was 
opened recently by Sir Willis Jackson. A 
senior Lecturer in Control Engineering 
has been appointed in this department. 
Vasca, the Electronic Valve and Semi- 
conductor Manufacturers’ Association is 
to take over from the B.V.A. (British 
Radio Valve Manufacturers’ Association) 
responsibility for industrial valves, tubes, 
and semiconductors. Founder members 
of Vasca are English Electric Valve, 
M.O.Valve-G.E.C., Mullard, Siemens 
Edison Swan-B.T.H., S.T. & C. 
‘Contemporary Physics,’ ‘A journal of 
interpretation and review’ is a new pub- 
lication by Taylor & Francis Limited, 
Red Lion Court, Fleet Street, London, 
E.C.4, 

Emidec 2400 transistorized digital com- 
puter facility by E.M.I. Electronics, is to 
be installed in.the Ministry of Pensions’ 
Newcastle establishment for data pro- 
cessing work connected with the new 
Graduated Pensions Scheme. Costing 
over £500,000 the system will use 17 
* Emidata ’ fast start-stop decks, five 4-in. 
tape decks and a 3000 line/min. printer. 
Fusion. The U.K.A.E.A. hope to acquire 
the naval aerodrome at Culham, Oxford- 
shire, as a site for research into con- 
trolled thermonuclear reactions. The new 
establishment's immediate task is to con- 
struct I.C.S.E. (intermediate current sta- 





130 


bility experiments). It is expected that 
around 1000 persons will be employed at 
Culham by 1964. 

Canadian Department of Defence Pro- 
duction has ordered 124 signal generators 
from Marconi Instruments, through the 
Canadian Marconi Co. Together with an 
earlier order for nearly 200 instruments, 
the value of these contracts is over 
$330,000. 

Control and instrumentation of reactors: 
the U.K.A.E.A.’s third Reactor School 
course on this subject will be held from 
1-12 February, 1960, at Durley Hall, 
Bournemouth, Hants. Application forms 
must be returned to The Principal, Reac- 
tor School, A.E.R.E., Harwell, Didcot, 
Berks, by December 11, 1959. The fourth 
course on control and instrumentation 
will be held from May 23—June 3, 1960. 
Technical articles on electronics pub- 
lished during 1959 may be awarded 25- 
guinea premiums under a scheme spon- 
sored by the Radio Industry Council and 
the Electronic Engineering Association. 
Details are available from the E.E.A. at 
11 Green Street, London, W.1. 

The Institute of Physics and the Physical 
Society will probably amalgamate to 
form a single organization during 1961. 
The Institute, unlike the Society, is an 
examining body and it is understood that 
arrangements have been made to distin- 
guish between qualified and unqualified 
members of the joint organization. 
National-Elliott 802 medium-sized, tran- 
sistorized computer has been ordered by 
the Russian Government. 


LC.T. type 1202 digital computer valued 
at £50,000, is to be installed in the Leeds 
head office of multiple-tailor Montague 
Burton to control credit sales throughout 
the firm’s 600 branches. 


Fifth International Automation Exposi- 
tion and Congress, New York, originally 
scheduled for November 16 to 20, 1959, 
has been postponed ‘ . it was hinted 
that the current anti-automation attitude 
of labour and some management played 
an important role in the decision.’ 


Pacitor fuel gauges of moving magnet 
ratiometer type have been ordered from 
Firth Cleveland Instruments for the mili- 
tary version of the Armstrong Whit- 
worth Argosy freighter aircraft. 


Leo data processing facility, incorporat- 
ing a large transistorized magnetic core 
store, magnetic tapes and high speed 
printers, has been ordered from Leo 
Computers by motor car manufacturer 
Standard-Triumph International for oper- 
ation in mid-1960. 

B.L.C.C.-Burndy Ltd. has been formed 
by British Insulated Callender’s Cables 
and The Burndy Corp. (U.S.A.) to supply 
electrical connectors. 

Hilger & Watts—Infra-Red Develop- 
ment. Hilger & Watts have acquired the 





whole of the issued share capital of The 
Infra-Red Development Co. Ltd., Wel- 
wyn Garden City. This ‘will expedite 
further developments in gas analysis and 
their application in . . . process control.’ 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take place in 
London. BCS British Computer Society. BritlRE 
British Institution of Radio Engineers. IEE Institu- 
tion of Electrical Engineers. RAeS Royal Aero- 
nautical Society. SIT Society of Instrument Tech- 
nology. 


TUESDAY 10—SUNDAY 15 NOVEMBER 
International Exhibition and Congress on 
Laboratory, Measurement and Automation 
Techniques in Chemistry. Basle 

THURSDAY 12 NOVEMBER 

Optimum Setting of Water Turbine Governors 
by H. Schiott 6.30 for 7.0 p.m. S.LT. 
FRIDAY 13 NOVEMBER 

Electronic Components by W. C. C. Ball. 
7 p.m. Junior Institution of Engineers 
TUESDAY 17 NOVEMBER 

Discussion on Sequence Networks versus 
Summation Transformers for the Derivation 
of Single Quantities for Protective Relaying. 
1L.E.E. 

WEDNESDAY 18 NOVEMBER 

Half-day Symposium on Electronic Digitizing 
Techniques. 3 p.m. and 6 p.m. Brit.I.R.E. 
WEDNESDAY 16 DECEMBER 

Random Inputs and Load Variations by 
J. F. Coales. 6.30 for 7.0 p.m. S.LT. 
TUESDAY 5—THURSDAY 7 JANUARY 1960 
Symposium on recent mechanical engineering 
developments in automatic control. Details: 
The Secretary, The Institution of Mechanical 
Engineers, London 

MONDAY 11—WEDNESDAY 13 JANUARY 1960 
6th National Symposium on Reliability and 
Quality Control in Electronics. Washington. 
Details: R. Brewer, General Electric Co. 
Ltd., Wembley, Middx. 

MONDAY 18—FRIDAY 22 JANUARY 1960 

44th Physical Society Exhibition, Royal Hor- 
ticultural Society’s Halls, Westminster 
WEDNESDAY 20—THURSDAY 21 JANUARY 1960 
Managerial and Engineering Aspects of Re- 
liability and Maintenance of Digital Com- 
puter Systems. 1.E.E. 


LOOKING FURTHER AHEAD 


WEDNESDAY 10—FRIDAY 12 FEBRUARY 1960 
Solid State Circuits Conference, Philadelphia. 
Details: The Chairman, 1960 Solid State 
Circuits Conference, General Electric Co., 
Electronics Laboratory, Electronics Park, 
Syracuse, New York, U.S.A. 

WEDNESDAY 17 FEBRUARY 1960 

Faraday Lecture—Electrical Machines by 
Prof. M. G. Say. Central Hall, London 
TUESDAY 5—SATURDAY 9 APRIL 1960 

Ninth Electrical Engineers Exhibition, Earls 
Court 

TUESDAY 3—FRIDAY 13 May 1960 
Mechanical Handling Exhibition and Con- 
vention. Earls Court 

MONDAY 23—SATURDAY 28 May 1960 
Instruments, Electronics and Automation 
Exhibition. Olympia 

FRIDAY 10—SUNDAY 26 JUNE 1960 

British Exhibition U.S.A. New York 
SATURDAY 25 JUNE—TUESDAY 5 JULY 1960 
Moscow Congress for Automatic Control. 
Details: International Federation of Auto- 
matic Control, Prinz-Georg-Strasse 70, 
Diisseldorf, Germany. 
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So 
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So simple! 
So surely SIMPLIFIX 
the foolproof 


coupling! 


Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner— 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2in. o.d. In a wide range of interchangeable standard fittings: 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


Sl Ma PLI Fi SIMPLIFIX COUPLINGS LTD., HARGRAVE RD., MAIDENHEAD, BERKS. TEL: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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PEOPLE IN CONTROL 


I find the new General Precision 
Systems set-up most intriguing. This 
company, called Air Trainers Link 
Ltd. until recently, is known as a 
manufacturer of flight training simu- 
lators. It is, of course, American-con- 
trolled, the famous Link trainer itself 
being an American design. Air Train- 
ers Chairman J. M. Wallace is no 
longer in that position, the new com- 
pany’s chairman being Air Chief Mar- 
shal Sir John Baker. Lieutenant. 
General Sir Frederick Wrisberg has 
also joined them. The most significant 
appointment to the G.P.S. Board, 
however, is that of J. W. Murray. He 
is Chairman of the American parent 
company, the General Precision 
Equipment Corp., an organization 
which is deeply concerned with the 
American air traffic control problem. 
Now General Precision Systems is 
entering the air traffic control field. 
The a.t.c. activities of the British 





McCORMICK BAKER 
records controls 


subsidiary company will be under ex- 
B.O.A.C. man E, W. Pike, who is well 
known in the I.C.A.0.-1.A.T.A. worlds. 

There is an official, if rather vague, 
connexion with Group Captain E. 
Fennessy’s Decca Radar Co. I suspect 
that Decca Record, Decca Radar’s 
parent company, have invested money 
in G.P.S. This is, of course, pure 
speculation. However, Decca Naviga- 
tor have had experience of American 
opposition at the international level, 
and, as G.P.S. appear to be connected 
with a near-approved American sys- 
tem, it could be that Decca Radar 
have decided that as their sister com- 
pany could not ‘lick’ them it might 
be better to * join * them. 

Apart from Baker, Wrisberg and 
Murray, the other Directors of Gen- 
eral Precision Systems are, C. E, 
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by Staffman 


Benson, Ivor Bowen, N. J. G. Hill, 
E. A. Link (U.S.A.), D. D. Mason 
(U.S.A.), J. L. Reed, Sir John Slessor, 
and E. T. Tatham. 

I gather that C. Dee, who has joined 
the Board of Associated Automation, 
an Elliott-Automation company, has 
had a most interesting career. He 
joined Hall Telephone Accessories— 
the coin-operated telephone people— 
in 1931 and became Commercial 
Manager of Associated Automation 
when Hall Telephones joined that 
company in 1955. Dee, who is very 
interested in education, is a_past- 
President of the Association of Engin- 
eering and Shipbuilding Draughts- 
men and a Fellow of the Royal 
Society of Arts. Incidentally, some 300 
of Associated Automation’s new pay- 
on-answer, coin-operated, telephones 
should be in use in the Bristol area by 
now. 


English Electric introduced their new 
*“KDP 10° data processing system 
with an excellent lunch at the Savoy. 
There I met A. Asbury, Chief Engin- 
eer of E.E.s Data Processing and 
Control Division, and we discussed the 
role of the computer in process con- 
trol. He said to me * we've got all the 
control problems licked; the thing 
now is to integrate—in other words, 
systems engineering ’. 


A.E.I. Electronic Apparatus Divi- 
sion has a new Manager for Indus- 
trial Electronic Apparatus Sales, D. N. 
Relf. He said to me ‘After many years 
with the heavy plant section of indus- 
try, it is exhilarating to change to the 
lighter electronic industry which is 
continually entering into new techno- 
logical fields’. Relf completed his ap- 
prenticeship at B.T.H., Willesden, in 
1935. Another recent A.E.I. appoint- 
ment is that of K. M. Fox, who 
becomes Manager of Industrial Ma- 
chines Department (Rugby) of the 
A.E.I. Motor and Control Gear 
Division. 





R. A. Gilbey has been appointed 
General Manager of the Amersham 
Works of Dewhurst & Partner Ltd., 
the Hounslow manufacturers of elec- 
tromagnetic brakes and electrical con- 


trol equipment. Gilbey was formerly 
Works Superintendent, at G.E.C.., Peri- 
vale, and prior to that Production 
Manager at Sterling Engineering Ltd. 


I was interested to hear that J. C. 
Simmonds, Airmec’s Managing Direc- 
tor, had been appointed Managing 
Director of both Radio Television 
Trust Ltd. and British Communica- 
tions Corp. It appears that Crompton 
Parkinson’s controlling interest in Air- 
mec has been acquired by D. D. Prenn 
through the holding company ‘ Radio- 





SIMMONDS BLAKE 
directs manages 


tel’. Prenn has an interest in B.C.C. 
Dr. Simmonds, who was a Post Office 
engineer, joined Airmec in 1946. 


Airtech’s new Chief Electronic’s En- 
gineer, R. C. McCormick, is a man of 
some experience, having been with the 
Irish Posts and Telegraphs, Mullard 
Research and Ultra Electric’s Special 
Products Division. He is particularly 
interested in data scanning and re- 
cording, and the application of semi- 
conductors. Airtech are active in gen- 
eral engineering and, I think, telemetry 
and associated techniques. 


Three new Directors have been 
appointed to Ferranti’s Board, E. 
Grundy, J. Prince and O. M. Robson. 
Grundy is an instrument man who 
joined the company in 1921 and 
became General Manager, Moston 
Factory, in 1949. Prince, who joined 
Ferranti from Salford Electrical In- 
struments in 1926, is primarily inter- 
ested in meters. Robson is a trans- 
former man and has been with the 
company since 1925, becoming Gen- 
eral Sales Manager in 1944. Other 
Ferranti changes include the appoint- 
ment of W. D. H. Gregson as Assis- 
tant General Manager of the Edin- 
burgh factory. Gregson was London 
Area Manager, a position in which he 
is succeeded by J. P. Newberry. 
P. McGregor becomes Senior Trans- 
former Sales Engineer in the London 
Area. J. C. Heywood becomes Sales 
Manager of Ferranti’s Electronics De- 
partment and is succeeded as Depart- 
mental Sales Manager in the Instru- 
ment Department by H. L. Harrison. 
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precision in pressure measurement 
NOW AVAILABLE— 


GENERAL-PURPOSE PRESSURE TRANSDUCER —TYPE NT. 4-313 


FLUSH DIAPHRAGM BRIEF SPECIFICATION 


OUTPUT: Nominal 20 mV at 5V, DC 
STAINLESS STEEL CASE or AC r.m.s. (0-20 Ke/s) 


excitation. 
MINI ATURIZED—5/8’ DIAMETER STANDARD 0-100 p.s.i. to 0-5,000 p.s.i. 
/ PRESSURE RANGES: gauge or absolute. 

Lower and higher ranges 
LINEARIT ¥ & HYSTERESIS 0.75% available on special order. 
COMPENSATED Temperature compensated 
INSENSITIVE TO ENVIRONMENT RANGE: ae C = CG) to + 
ZERO SHIFT: Not greater than 0.01% 
INDIVIDUALLY CALIBRATED Not greater than 0.01% 
LINEARITY & Less than 0.75% full output 
HYSTERESIS: up to 2,500 p.s.i.g. + 1.0% 
full output above 2,500 

Write now for details of this new p.s.i.g. 
range of Solartron Transducers DIMENSIONS: §” (15 mm) nominal dia- 
? meter, 1” (26 mm) nominal 

length. 


eo eee Manufactured under exclusive licence from C.E.C., CALIF., U.S.A. 
/ sr se 
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THE SOLARTRON ELECTRONIC GROUP LTD., 
Transducer Division, Thames Ditton, Surrey 

Tel: EMBerbrook 5522 Cables: SOLARTRON, Thames Ditton 
International Telex: 23842 Solartron T.Dit. 
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RATE GYRO 


a miniature, reliable unit 


The MG 300 rate gyro has a weight of 
167g and measures 2:74in. X 1-34 in. 
diameter. The motor is driven by a hys- 
teresis motor, synchronous at 24,000 
rev/min, and is energised by 26 V 2-phase 
at 800 c/s, on which supply the con- 





The diameter is 1-34 in. 


sumption is 2-5 W. The angular momen- 
tum is 9°6 X 10* g-cm’/sec. 

The pick-off is a variable reluctance 
bridge with four poles and is normally 
energized with 2-4 kc/s, 80 V (mean). The 
sensitivity is 0-04 V(mean)/degree/sec for 
80 V, but this can be varied by adjusting 
the energizing voltage. The current taken 
by the pick-off is 55mA. The hysteresis 
is less than 0-1%. 

The pick-off angle is limited at about 
250° /sec, and the angular motion about 
the output axis is 0-43° for 150°/sec. 

The gyro is made by de Havilland 
Propellers Ltd. 

Tick No 501 on reply card 


ELECTRICAL INSTRUMENTS 


portable, precise 


A complete range of Metrawatt portable 
precision ammeters, voltmeters and watt- 
meters is now being marketed by Metrix 
Instruments Ltd. The range of moving 
coil instruments have an accuracy of 
*0-5% and include a voltmeter cover- 
ing 6 to 600 V dic. f.s.d. in five ranges. 
Four current measuring instruments cover 
20-2000 #A f.s.d.; 0-5-SOmA; 0-2-20A, 
and 0-60 mV for use with shunts up to 
2500 A. A similar range of precision 
moving-iron types having an accuracy 
of + 05% ac. 1% dc. is also avail- 
able. 

The portable double element Watt- 
Varmeter has an accuracy of + 1-5% 
and has four self-contained voltage 
ranges from 110-550 V. The current rat- 
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ing is 5 A per phase and a current trans- 
former extends this range to 800 A. 

The laboratory power measuring set 
(type MD3) has built in meters for each 
phase and measurements can be made to 
within 1% on single phase, three phase, 
three or four wire systems under any 
load conditions. 

All portable meters are available for 
immediate delivery and prices range from 
£12 to £15 10s. for normal ranges and 
£24 10s. for the microammeter. 

Tick No 502 on reply card 


SIGNAL GENERATOR 


controlled digitally 


A new digitally-controlled signal genera- 
tor designed specifically for use with FM 
telemetry discriminator systems has been 
developed by Digital Instrument Labora- 
tories. Known as the model 320, the sig- 
nal generator provides continuous auto- 
matic correction of output frequencies. 
Frequency range is 100c/s to 100 kc/s, 
with 0-02% accuracy at all frequencies. 
Maximum settling time is one second to 
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An accuracy of 0-02% 


stabilize to a new preset frequency. The 
unit is crystal referenced. It is 8}in. in 
height and intended for standard rack or 
instrument case mounting, and includes 
power supplies. 
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METERING PUMPS 


directly controlled 


The Kontak Mfg. Co. Ltd., have intro- 
duced a series of directly controlled 
metering pumps. The capacities range 
from zero to 14gal/h and zero to 180 
gal/h. The metering pump consists of a 
hermetically-sealed controlled displace- 
ment diaphragm pump head together 
with a motorized reciprocating oil pump, 
which provides a remote hydraulic drive 
to the metering head. 

The delivery is a function of diaphragm 
positioning and the speed of the oil pump 


A monthly review of system components and instruments 





only, and is therefore independent of in- 
stallation conditions. The manufacturers 
claim an accuracy of better than + 2% 
within specified conditions and + 4% 
on repeatability under fixed conditions. 
Among other advantages claimed for the 
remote actuated pump are its ability to 
handle abrasive slurries and to run 
stalled indefinitely without damage, 
when operating against a blocked sys- 
tem. Pumps with 2 ml and 15 ml/stroke 
displacement are available at present, but 
other types providing 51/min and up to 
201/min are under consideration. The 
2 ml micropump has a maximum delivery 
pressure of approximately 750 Ib/in? and 
a maximum suction lift of 15ft at 27 
strokes / min. 
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PRESSURE SWITCHES 


with two stages 


The M.B. Metals Ltd. range (MBS.200) 
of 2-stage pressure switches is suitable 
for use in either pneumatic or hydraulic 
systems where high accuracy pressure in- 
dication at two levels is required. The 
switch can be set at any two levels in 
the range 50 to 6000 lb/in? with a very 
low differential at these two settings, i.e. 
for a switch set at any two pressures in 
the range 50 to 2501b/in? the tolerance 
on a falling pressure is zero to 3 Ib/in?. 
The standard unit is manufactured in 
mild steel, cadmium plated, but for spe- 
cial application the pressure unit is pro- 
vided in stainless steel. 
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ELECTRIC MOTOR 


for vibrating drives 
An electric motor specially designed for 
vibrating drives, claimed to be the first 
of its type to be made in the U.K., is 
being produced jointly by the English 
Electric Co. Ltd. and the Grantham Elec- 
trical Engineering Co. Ltd. The self- 
contained unit provides an inexpensive 
and reliable drive by eliminating all the 
mechanical parts associated with an 
eccentric shaft arrangement. Vibration is 
generated by out-of-balance weights at 
either end of the motor which can easily 
be adjusted by single bolts to give the 
required output. 

Because of its vibrating motion, the 
motor must be mounted on a resilient 
base. Operating at 1500 rev/min syn- 
chronous speed, it has a power output 
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Plain talk 
about data processing 


From the time the first man stood on his hind legs 
and counted on his fingers, he has been using the 
best data processing system of all, the one in his 
cranium. He stored up his information and when he 
was faced with a problem he consulted his records and 
used them to decide on the right course of action. As 
his affairs grew more complicated and he turned into a 
business man he tried very hard to predict things to 
come. But the cold truth is, as he discovered when his 
crystal fogged over, the only real way to predict the 
future is to reconstruct the past and to study it in 
relation to present facts and future trends. Facts 
and figures are needed in accessible 

form, and that’s what modern data 

processing does for him. It also 

takes a great load of drudgery off 

his shoulders (and the shoulders 


of his staff). 


lose ease 


$ 9,8,9,0,9,8,8,0] if 


Plain talk about I-C-T 


You do not have to be a big business to use I1-C-T 
data processing equipment. The range is so wide 
— computers, electronic calculators, punched 
cards — that it is being used in businesses of all 
sizes, from huge undertakings like British 
Railways to small companies employing less 
than 20 people. 
I'C’T service begins with your enquiry. 
Alongside your own executives, I-C-T specialists 
will study your business to see if I1-C-T data 
processing equipment will help you. If it will 
they'll give you a detailed report of their 
recommendations and their economics, speci- 
fying equipment to meet your exact needs. 
I-C-T trains your staff, and special courses 
ensure your executives gain the background 
knowledge to make the equipment earn every 
penny of its keep. The same service 
sets the installation on its feet and is 
available to you throughout its life. 
This is I-C-T service using all 
the resources of Hollerith and Powers- 
Samas, two pioneers of data processing. 


INTERNATIONAL COMPUTERS AND TABULATORS LTD 
HEAD OFFICE: 149 PARK LANE, LONDON, W.1 HYDE PARK 8080. OFFICES THROUGHOUT THE U.K. & OVERSEAS 


CONTROL November 1959 Tick No 88 on reply card for further details 135 








of up to 75001lb centrifugal force, or 
10,000 Ib at 3000 rev/min. The motor is 
operated from a 3-phase 50-cycle supply 
at 110-650 V. 
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REFERENCE PACKS 


designed for printed circuits 


Operable directly from unregulated 28 V 
d.c. power supplies with a current drain 
of only 30mA miniature voltage refer- 
ence packs from International Rectifier 
Co. (Great Britain) Ltd., are designed 
specifically for printed circuit board in- 
sertion. They provide an output of 8-4 V 
~ 5%, and will remain stable within 





A compact component 


1 millivolt over a line variation of 
“10% in the 28 V supply. The units may 
be operated up to + 125°C, and feature 
a temperature coefficient of = 0-001% 
C from —55°C to + 100°C. This ex- 
tremely stable value is achieved by use 
of a self-contained zener diode current 
regulator, which assures optimum cur- 
rent through the basic silicon reference 
element, regardless of temperature or 
line voltage variations. The price is 
approximately £36 each and the delivery 
is 6-7 weeks. 
Tick No 507 on reply card 


DATA PROCESSING 
reading up to 800 cards/min 


The latest in the line of IBM transistor- 
ized data processing equipment is the 
IBM 1401. The basic system consists of 
three units that fit into an area of about 
300 ft?. These’ units give card reading at 
800 cards a minute, processing at com- 
puter speeds, line printing at 600 lines a 
minute and card punching at 250 cards a 
minute, To this system can be added up 
to six magnetic tape units, each giving 
a transfer rate of up to 62,500 characters 
a second. 

Its features include an entirely new 
method of printing. This uses a precision- 
made chain of engraved type faces oper- 
ated by electronically timed hammers to 
allow its high printing speed without loss 
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of alignment or quality. A high-speed 
skip over unused sections of forms at up 
to 75in/sec gives an output performance 
equivalent to that of a conventional 
printer operating at 4800 lines/ minute. 
Tick No 508 on reply card 


VIBRATOR 


for environmental testing 


An environmental test vibrator (EMV 
100A) suitable for high ¢g valve and com- 
ponent testing, fatigue tests, and acceler- 
ometer calibration, is now being mar- 
keted by EMI Electronics Ltd. It has 
been developed to meet the requirement 
for a vibrator with a frequency range 
with full thrust extending to 20,000 c/s. 
Its frequency range covers 1-20,000 c/s, 
and continuous rating thrust is main- 
tained throughout the range of 30-20,000 
c/s. 

During reliability trials the vibrator 
performed 1000 million reversals at 100 g 
level fixed frequency, and 1000 million 
reversals being swept in frequency from 
100 to S00c/s at 100g level. It also 
carried out 200 million reversals at 500 g. 
Tick No 509 on reply card 


DATA RECORDER 

with digital print-out 
The Solartron digital data recorder com- 
prises a precision 50-channel commuta- 
tor, an analogue-to-digital converter of 
high accuracy, and a digital print-out 
unit. Commutation of inputs is by a relay 
bank with associated transistorized logic 
circuits mounted on removable printed 





Comprehensive facilities 


circuit boards. This use of relays, with 
gold-plated contacts, avoids some of the 
difficulties encountered in rotary commu- 
tation, also the arrangement lends itself 
to multiple mode control so that the fol- 
lowing three operational conditions may 
be achieved: (1) continuous automatic 


sampling at a rate of two inputs/sec; (2) 
single scan of the 50 inputs after receipt 
of an external command; or (3) manual 









selection of any one channel by push- 
button. 

Analogue-to-digital conversion is 
effected in a digital voltmeter (type 
LM 902 of basic 0-1% accuracy) which 
provides decimal output information for 
operation of the printer. The print-out 
provides, on 3 in. wide paper, a perman- 
ent record consisting of channel number 
(1 to 50), measured signal value (4-digit), 
and polarity of input. 
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SOLENOID VALVE 


an improved version 


Lang Pneumatic have recently developed 
an improved version of their Pneulang 
solenoid valve. It is readily, interchange- 
able on a wide range of valve assemblies, 
varying from }in. B.S.P. 2-way valves 
to lin. B.S.P. 4-way valves and | in. 
B.S.P. 3-way valves. Any voltage coil, 
either a.c. or d.c., can be readily inter- 
changed at any time. The iron circuit 
consists of the circular coil housing and 
a top and bottom plate, all fully annealed 
and cadmium plated to resist corrosion. 
The coil is continuously rated and fully 
tropically impregnated and is supplied 
in a number of standard voltage bands 
and in addition can accommodate a vari- 
ation of 5% in voltage above or below 
the stated voltage band. 
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QUICK LOOKS 


The Borg 1300 series microdials are 
rugged and long-lasting. The in-line digi- 
tal presentation aids in the fast reading 
and setting of dials. A number of models 
is available, one of them (model 1305) 
being a 5-digit dial, counting from 0 to 
99,999 in 1000 turns. 

Tick No 512 on reply card 


The RCA-7536 is a new cylindrical 
cadmium photoconductive cell for indus- 
trial use. It has an illumination sensitivity 
of 300 #A/foot candle at 25°C; a maxi- 
mum current capacity of 1000 “A; and 
a maximum power dissipation of 50 mW. 
The photo-sensitive area is 0-2 X 0-02 in. 
Tick No 513 on reply card 


The price of the new Londex hopper 
level switch is nearly one-half of that 
charged for the old model. The switch 
(type STA or SEN) is designed to oper- 
ate electrical contacts when bulk mater- 
ials press against the diaphragm. It is 
for use with any free flowing granular 
or powered material such as grain, flow, 
sand, etc. 

Tick No 514 on reply card 


The range of British Bellows Electro- 
aire valves has been extended by the 
addition of panel mounting brackets for 
the 4-3 and +in. port size valves. These 
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in connection with 


high pressure 


ERMETO HIGH PRESSURE COUPLINGS 
are specified by many leading 
manufacturers because 

they are the most reliable 
fittings on the market 

for every high pressure 
installation. Our catalogue 
illustrating the full range 

of standard fittings will 

be sent to you on request. 
Non-standard fittings 

can also be made to suit your 
specification. Our technical 
experience is at your service. 


4 
4 
¥ 
4 
4 
¥ 
4 
4 


BRITISH ERMETO CORPORATION LTD =a Ad ETO 


HARGRAVE ROAD - MAIDENHEAD -: GERKS - TELEPHONE: MAIDENHEAD 5100 A member of the ALENCO Group of Companies 
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give alternative pipe outlets either at the 
ends of the brackets or from underneath. 
Two plugs are supplied for blanking-off 
the unwanted ports. Recent laboratory 
tests on this electrically-triggered but 
pneumatically-operated valve revealed 
speeds of over 1000 reversals/min for 
the jin. port size. 

Tick No 515 on reply card 


The window turns counter (CM3) from 
General Controls Ltd. is a 3-digit direct 
reading type, which can be adapted to 
rotating devices with a maximum of 10 
turns. The face is black with white 
numerals, and the shaft diameter is } in. 
Tick No 516 on reply card 


Salford Electrical Instruments Ltd. has 
introduced two new standard filters de- 
signed to control the pass-band charac- 
teristics of VHF communications re- 
ceivers. Known as types 455KBPS50 and 
4SSKBP25 they provide the selectivity 
necessary to meet G.P.O. radio com- 
munication specifications at an interme- 
diate frequency of 455 kc/s, with either 
25 kc/s or 50 kc/s channel spacing. 

Tick No 517 on reply card 


A new relay from L. E. Simmonds Ltd. 
is based entirely on the P.O. type 3000 
design, but is fitted with a remanent core. 
After energizing, the relay will remain 
latched indefinitely, and can only be re- 
turned to the non-operate position by a 
pulse in the opposite direction, i.e. by a 
reverse polarity where a single coil is 
employed, or by passing current through 
a second winding on the same coil. The 
relay will hold in even under consider- 
able shock and vibration conditions. 
Tick No 518 on reply card 


M.T.E. Control Gear Ltd. have 
announced the introduction of an alterna- 
tive version of their electropneumatic 
timing relay (type U.T.). The standard 
timer gives a delay period commencing 
when the solenoid is energized, but in 
the new relay (type U.T.D.O.) the timer 
is at rest when the coil is energized and 
the delay period starts only from the 
moment when the coil circuit is opened. 
It provides a time delay period of 0-60 
sec or 0-3 min. 

Tick No 519 on reply card 
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Research and Control Instruments can 
provide a new addition to the Philips 
range of variable transformers. The 
transformer (type E401 BB/200) is de- 
signed for use on a 240 V supply 50c/s 
and will provide an output voltage con- 
tinuously variable from zero up to 270 V 
at a nominal current of 20A. 
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Simmonds Aerocessories Ltd. have 
announced the introduction of a new all- 
metal potentiometer antivibration nut. It 
has a spring steel, cadmium plated lock- 
ing insert which gives a consistent per- 
formance over much wider spindle toler- 
ances than the existing Nyloc version, 
which it is intended to supersede. 

Tick No 521 on reply card 


Sealectro Corporation (British branch) 
have announced advance details of a 
new range of sub-miniature valve/tran- 
sistor holders. The holders are fabricated 
from beryllium copper with an overall 
gold plate, and these will ensure ade- 
quate contact performance with pins or 
wire-leads varying in diameter between 
0-01 and 0-024 in. inclusive. 

Tick No 522 on reply card 


A miniaturized version of their industrial 
pH meter has been developed by Elec- 
tronic Instruments Ltd. It saves 60%, 
panel area and may be used with any 
of the conventional miniature recorders 
or controllers. 
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Research and Contiol Instruments Ltd 
have introduced a new Philips broad- 
band MF millivoltmeter (GM.6014). Jt 
has a high sensitivity and a wide fre- 
quency response (1 kc/s to 30 Mc/s). It 
is easily portable, suitable for use under 
tropical conditions and is fully protected 
against overioad. Incorporating printed 
circuitry, the GM.6014 is independent of 
mains voltage variations and has built-in 
calibration voltages and a high input 
resistance and low input capacitance. 
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B. & R. Relays Ltd. have introduced as 
the first of a new series a d.c. operated 
relay (type D.02), and its a.c. counter- 
part (type D.52). These relays are small, 
measuring only 1} X1#X1t¢in. of 
robust construction, and weighs 3 oz. 
They are fitted with three changeover 


contacts, the ratings being 10A at 30V 
d.c. and 5A at 240V ac. The average 
operate and release time is of the order 
of 10 msec. 
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A new general-purpose _transistorized 
monitor has been developed by Plessey 
Nucleonics. In addition to the monitor- 
ing of radioactive contamination, its 
applications include the assay of solids 
and measurement of activity in large or 
small samples of liquid. The count rate 
is indicated on a ratemeter with a range 
of from 0 to 1000 counts/sec; for low 
rates there is an electromechanical count 
register with a maximum operating speed 
of 25 impulses /sec. 

Tick No 526 on reply card 


INDUSTRIAL 
PUBLICATIONS 


Westool literature on the Elcotron— 
an electromagnetic eddy-current speed- 
regulator. 

Tick No 527 on reply card 
A brochure from Dialled Despatches 
fully describes their transmission tube 
systems. 

Tick No 528 on reply card 
Midland Silicone news sheet gives some 
of the many uses of silicones. 

Tick No 529 on reply card 
Two TMC publications—F3602 deals 
with ‘ bandwidth economy’ carrier tele- 
phone terminal equipment type Cl6A— 
F3599 gives details of their 40-circuit 
carrier telephone terminal equipment 
type R40C. 

Tick No 530 on reply card 
Brochure illustrating advantages and 
adaptability of Clark Controller Com- 
pany’s motor control centres. 

Tick No 531 on reply card 
Three Solartron leaflets on stabilized 
transistor power supplies, chokeless 
power supply and stabilized power supply 
sub-units. 

Tick No 532 on reply card 
49-page catalogue on the Wade range of 
couplings. 

Tick No 533 on reply card 
Data sheet of high accuracy current 
overload and underload relays—Elcontrol 
Ltd. 

Tick No 534 on reply card 
The October Sperry bulletin lists recent 
marine installations. 

Tick No 535 on reply card 
Informative catalogue of electronic com- 
ponents—Farnell Instruments Ltd. 

Tick No 536 on reply card 
Well illustrated and interesting booklet 
from Chilton Electronic Products on 
their general-purpose miniature circuit 
breaker. 

Tick No 537 on reply card 
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